United States Olfice of Air Quality December 1993
Environmental Protection Planning and Standards
Agency Research Triangle Park, NC 27711

- N

SEPA Economic Impact Analysis '
- of the Hazardous Organic
NESHAP

Draft




This report contains portions of the economic impact analysis report that are related to the
industry profile.



CHAPTER 4
CHEMICAL INDUSTRY PROFILE

4.1 INTRODUCTION .

Organic chemicals are substances that contain the elements carbon
and hydrogen. Basic organic compounds (hereafter basic organics),

" which are obtained almost exclusively from crude oll, natural gas, and
coal, werve as the building blocks for the production of all synthetic '
organic chemicals. Basic organice include aliphatics; aromatics;
methyl alcohol (methanol); and tars, tar crudes, and pitches -— which
are derived mainly from coal. The most important aliphatics are ethy-
lene, propylene, and 1,3-butadiene. In the U.S., natural gas is the
primary feedstock for aliphatics. Basic aromatics consist of bhenzene,
toluene, and the xylenes. They are derived primarily from petroleum.
Downstream from basic chemicals are their derivatives: chemical
intermediates and solvents, and end-product {finished) chemicals.
End-product chemicals include functional chemical products that are
either fabricated by other industries into a variety of industrial and
consumer goods or are used directly by the final consumer. End-
product chemicals algo include additives, which can be either single-
purpose, used by a specific end-use industry; or malti-purpose,
performing a particular function for a variety of end-use industries.
The distinctions among different classifications of organic chemicals
are often blurred. For example, some basic organics and intermediates
are also sold as end-product chemicals. '

The U.S. International Trade Commission, which compiles data on
synthetic organic chemicals, defines synthetic organic chemicals to
include intermediate and end-product organic chemicals, because they
are formed by chemical reactions in man-made plants.' Basic organics,
which are of natural origin, are considered raw materials and are
excluded from the definition. For purposes of this report, however,
the "synthetic organic chemicals industry” will be taken to include
all organic chemicals, including basic organics. This recognizes the
interdependence of basic organics and their derivatives, and the fact
that basic organics are sometimes sold as end products. This is also
consistent with definitions in previous studies for EPA.

In this report, the U.S. synthetic organic chemicals industry is
profiled. The purpose of the profile is to identify factors and
trends likely to influence the nature and magnitudé of the economic
impacts of the Hazardous Organice NESHAP (HON), which will inveolve the
regulation of some 450 synthetic organic chemicals. Because of the
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large number and diversity of chemicals that will be regulated under
HON, the scope of the present profile is broad. Recent trends in the
synthetic organic chemicals industry are highlighted and the general
outlook for the industry is discussed. Topics covered include the
structure of the industry, market characteristics, production trends,
capacity utiliszation, demand, end uses, foreign trade, pricing, profi-
tability, and capital structure. In some cases, where specific infor-
mation for the synthetic organic chemicals industry was not available,
the U.S. chemical induatry as a whole is addressed. In the last sec-
tion of this report, syncpses of selacted important basic organic che-
micals and categories of synthetic organic chemicals are presented.
The synopsas supplement the general prdfile of the synthetic organic
chemicals industry by offering more detailed information for the cate-
gories covered.

4.2 INDUSTRY STRUCTURE AND MARKET CHARACTERISTICS

Perhape the most dietinguishing characteristic of the synthetic
organic chemicals industry is its diversity. The industry produces
more than 7,000 chemicals for such diverse applications as automotive
products, packaging, consumer products, housing and construction,
pharmaceuticals, and agriculture.2- Table 4-1 lists the top 29 organic
chemicals in the U.S. by 1989 production. The table also highlights
production trends in these chemicals since 1979. The fastest-growing
chemicals have been vinyl chloride, propylene, caprolactam, and
terephthalic acid. Since 1979, output has declined for methanol,
acetone, cyclohexane, and isopropyl alechel. .

The synthetic organic chemicals industry is also defined by its
complexity. For example, many synthetic organic chemicals are '
produced as coproducts of other chemicals. Also, many synthetic
organic chemicals can be produced by more than one process. Thie
leads to the poasibility of process substitution depending on price
coﬂditions._ Two-thirds of current U.S. petrochemical capacity, for
example, has some capability to switch back and forth between heavy
liquids (e.g., petrolehm} - based feedstocks and natural gas
liguids-based feedstocks.?® As a result of the interdependence of many
synthetic organic chemicals -- through either coproduct relationahips
or vertical production links -=- many producers of synthetic organic
chemicals are horizontally and/or vertically integrated.

In all, there are about 1,500 firms in the U.S. that produce
chemicals and allied products.! The top 25 producers are listed in
Table 4-2. The fanking is by total chemical sales, including chemicals
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TABLE 4-1

THE TOP 29 ORGANIC CHEMICALS IN THE U.S. BY
1989 PRODUCTION

Production
—ibillions of kgg.) Percent Change
1989 1984 1979 1984-1989 1979-1989

Ethylsne 15.85 14.23 13.56 11.4% 16.9%
Propylene 9.18° 7.06 6.44 30.0% 42.5%
Urea . 7.02 N.A. N.A. N.A. N.A.
Ethylene Dichloride 6.21 4.86 5.35 27.7% 16.0%
B!nz&n. 5.29 N.H. H.h. ’ N.h. ) “-h-
Vinyl Chloride 4.36 2.76 2.90 58.2% 50.5%
Ethylbenzene 4.18 3.43 3.83 22.0% 9.1%
Terephthalic Acid 3.77 2.68 2.7% 40.6% 34.9%
Styrene _ 3.69 3.50 3.39 5.4% 8.7%
Methanol 3.24 3.71 3.34 -12.8% -3.1%
Formaldehyde 2.89 2.64 2.71 9.5% 6.7%
Toluene 2.65 N.A. N.A. N.A. N.A.
Xylene 2.63 N.A, N.A. N.A. N.A.
Ethylene Glycol 2.49 2.19 2.15 14.1% 16.3%
p-Xylene . 2.4%8 1.93 2.11 28.9% 18.1%
Ethylene Oxide 2.41 2.59 2.57 -6.7% -5.2%
Methyl Tert-Butyl Ether 2.26 N.A. N.A. N.A. N.A.
Cumene 2.05 1.70 1.77 20.8% 15.9%
Phenol 1.76 1.31 1.35 34.6% 30.5%
Acetic Acid _ 1.74 1.1% 1.48 46.2% 17.1%
Propylene Oxide ' 1.45 N.A. N.A. N.A. N.A.
1,3-Butadiene 1.40 1.11 1.62 . 26.1% -13.7%
Acrylonitrile 1.19 1.01 0.92 18.0% 29.7%
Acetone . 1.13 0.84 1.20 34.4% - =5,7%
Vinyl Acetate 1.12 0.92 0.90 22.3% 24.7%
Cyclohexane 1.08 0.90 1.10 20.1% -1.6%
Adipic Acid 0.74 N.A. N.A. N.A. N.A.
Isopropyl Alcohol 0.65 0.63 0.86 2.9% -24.7% -
Caprolactam D.E59 0.47 D.43 27.2% 37.9%
N.A. N.A. 3.6% 1.4%

Total ' 55.54

K.A. - Not available.

Sources: Chemjcal & Engineering News, April 9, 1990, p. 12; and June 18,
1990, p. 39. _



TABLE 4-2
THE TOP 25 CHEMICAL PRODUCERS IN THE U.S5., 1989

Chemical
Chemical Bales as a
Sales, 1985 Percent of
Company - (% million) Total Sales
Du Pont 15,249 42.9%
Dow Chemical 14,179 80.6%
Exxon 10,559 11.1%
Unien Carhbide 7,962 91.1s
Monsanto ' 5,782 66.6%
Hoechat Celanese 5,658 94.0%
Occidental Petroleum 5,203 25.9%
General Electric 4,929 9.0%
BASF . o : 4,461 82.3%
Amoco - 4,274 17.8%
Mobll 4,039 7.3%
Shell o0il : : 3,833 16.2%
Eastman Kodak 3,522 19.1%
Chevron 3,328 10.4%
W.R. Grace 3,256 53.2%
Allied-Signal 2,993 25.1%
Arco Chemical 2,663 100.0%
Rohm & Haas 2,661 100.0%
Air Products 2,481 93.9%
Phillips Petroleu 2,449 19.8%
Bayer USA : : 2,300 42.4%
American Cyanamid " 2,241 46.4%
Ashland 0il 2,230 26.3%
Quantum Chemical 2,015 75.4%
B.F. Goodrich 1,977 81.7%

Total 120,244

Source: Chemica) & Engineering News, June 18, 1990,

p- 46.



that are not organic. The right-hand column indicates the degree of
specialization in chemicals. This ranges from 100 percent for Arco
Chemical and Rohm & Haas to less than 10 percent for Mobil and General
Electric. The wide range reflects the differing degrees of
diversification by chemical companies, as wall as the differing
degrees of forward vertical integration by cil companies. Of the top
25 companies, nine are oil companies or subsidiaries of oil companies.

The U.S. chemical industry underwent a massive restructuring in
the late 19908, beginning in 1985. This took the form of
acquisitions, spin-offs, plant closings, and early retirement and
layoff programs. Many of the acquisitions were highly leveraged and
financed by junk bonds. Future takeover activity could be limited due
to the demise of the junk bond market.®

The leading state for the manufacture of synthetic organic
chemicals is Texas. Louigiana, another Gulf Coast state, ile also a
significant producer of synthetic organic chemicals. In SIC 2869 -~
Industrial Organic Chemicals, N.E.C. -— which accounts for the biggest
share of employment in the synthetic organic chemicals industry, Texas
and Louisiana had the most employment in 1987.° Total employment in
SIC 2869 in 1987 was 100,300, with Texas contributing 26,200 (26.1%)
and Loulsiana contributing 9,900 (9.9%). Other than the Gulf Coast
states, synthetic organic chemicals are primarily manufactured in
industry-intensive states such as New Jersey, Ohin, Illinois, and
California. An exception is the man-made fibers industry, which is
centerad in the southern textile states.

Plant capacities in the manufacture of synthetic organic
chemicals vary widely, from under 500 kilograms per year to over 2,000
million kilograme.’ Plants preducing basic and intermediate chemicals
tend to have larger capacities than plants producing end-product
chemicale. This is because baeic and intermediate chemicals are
generally produced in larger volumes than end-product chemicals.

Despite layoffs and restructurings, employment in the chemical
industry managed to grow in the late 1980s. After declining from
1,044,000 in 1985 to 1,022,000 in 1986, employment in the Department
of Labor’s definition of the “"chemicals and allied products® "industry
increased continuously up to 1989.°® Employment reached 1,093,000 in
1989, the highest level for the industry since the rqcord—high of
1,109,000 in 1981. The 1989 amount represented 5.6 percent of total
employment in the manufacturing sector (19.6 million). Average hourly
earnings in the chemicals and allied products industry in 1989 were
$13.06, as against $10.47 for all manufacturing.’
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Tables 4-3 through 4-5 present selected Census data for eight
four-digit SIC categories that can be considered to comprise the
synthetic organic chemicale industry. Table 4-4 gives an indication of
the incidence of small facilities in the industry. In every category
but SIC 2824, establishments with fewer than 20 smployeas account for
one-third or more of all establishmente. The highest incidence is in
8IC 2833, in which 62.7 percent of all establishments have fewer than
20 employees. SIC 2824 has the higheast incidence of establishments
with over 100 or more employees, at 72.2 percent. Table 4-5 shows the
distribution of value of shipments by establishment size. Because
they are, by definition, small, establishments with fewer than 20
employees account in all cases for a lower share of the total value of
shipments than of the total number of establishments. In avery
category other than SIC 2891, establishments with 100 or more
employees contribute more than 50 percent of total value of shipments,
ranging up to 99.1 percent for SIC 2824. ~The highest contribution to
total value of shipments by establishments with fewer than 20
employees is 15.3 percent in SIC 2891.

4.3 PRODUCTION, SHIPMENTS, AND CAPACITY UTILIZATION

In Table 4-6, 1987 and 1988 production and sales data compiled by
the U.S. International Trade Commission for synthetic organic
chemicale and their raw materiale (basic organice} are displayed.
Data are presented for 13 major categories of synthetic organic
chemicals -- based principally on end use -- and two categories of
basic organics. Total production of organic chemicals in 1988
amounted to 175,839 million kilograms. However, the ITC data
necessarily reflect duplication because production and sales of some
chemicals are measured at more than one stage of the manufacturing
process. For example, intermediates will be double-counted if
production and sales of the finighed chemicals in which they are
consumed are alsc reported. Nevertheless, the table gives a good
indication of the comparative sizes of the varicus different major
categories of synthetic organic chemicals. In each category, the
quantity sold is less than the guantity produced because a portion of
output ig consumed captively. This i=s particularli the case in
categories --such as "primary products from petroleum and natural gag"
and "cyclic intermediates” -- where the products are generalliy
intended for further processing downstream. Due to some definitional
changes, the 1987 and 1988 data are not strictly comparable.
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As shown in Table 4-7, the Federal Reserve Board (FRB) Production
index for the entire chemical industry, including aliied products -- SIC
28 ~- increased by 2.9 percent from 1988 to 1989. This followed higher
increases of 5.4 percent in 1988 and 5.7 percent in 1987. Growth in
1990 continues to be slow, as production increased by only 0.2 percent
from January to April. Table 4-8 shows that the general industry slow-
down has not affected all sectors. While ocutput of synthetic materials
decreased by 1.2 percent from 1988 to 1989, output of industrial organic
chemicals actually increased by 5.9 percent, surpassing its 1987-1988
increase of 3.1 percent. Table 4-8 also indicates that produétion in
SIC 28 has closely followed total manufacturing output since 1985,
However, since 1979, while total manufacturing output has increased by
34.6 percent, output in SIC 28 has increased by only 18.8 perccnt.' This
reflects the absence of growth in the chemical industry frem 1979 to
1985. _ '

Production of the top 29 organic chemicales listed in Table 4-1
declined 3.3 percent from 1988 to 1989. This followed growth of 7.8
percent from 1987 to 1%88. Average growth from 1984 to 1989 was 3.6
percent per year. From 1%79 to 1989, average annual growth was only
1.4 percent, however. Among the top 29 organic chemicals, the biggest
gaine from 1988 to 1989 were registered by acetic acid, + 21.1
percanti phenol, + 9.3 percent; acetone, + 8.4 percent; vinyl
chloride, + 6.2 percent; xylene, + 5.8 percent; and ethylene
dichloride, + 5.0 percent.'” The biggest losses were registered by
terephthalic acid, -18.8 percent; methyl tert-butyl ether, - 12.4
percent; methanol, - 12.3 percent; ethylene oxide, - 10.6 percent;
styrene, - 9.5 percent; toluene, - 8.0 percent; and ethylene, - 6.0
percent.

Table 4-9 pummarizes polymers production from 1985 to 1989. Over
this period, production of man-made fibers increased by 12.0 percent,
synthetic rubber by 25.2 percent, and plastics resins by 22.3 percent.
There was an overall decline in production from 1988 tec 1989, hownvef,
echoing Table 4-8's indication of a drop in the FRB production index for
_synthetic materials from 1988 to 1989, The decline in plastics
production in 1989 partly explains the decline in output in 1989 of
the three most important plastics feedstocks: in order, ethylene,
benzene, and propylene. 1In 1989, production of ethylene decrsased by
6.0 percent, benzene by 0.5 percent, and propylene by 4.7 percent.!!

Tables 4-10 and 4-11 show the value of shipments from 1987 to
1889, with a forecast for 1990, for selected SIC groupings that include
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TABLE 4-7

PRODUCTION INDEXES* FOR SIC 28,
*CHEMICALS AND PRODUCTS,™ 1979-1990

{1987=100)
Parcent Change

Year /Month ' Index From Prior Year

1990
April 110.1 (est.) N/A
March | 109.7 N/A
February . 110.0 N/A
January 109.9 N/A

1989 108.5 2.9%

1988 105.4 5.4%

1987 T 100.0 5.7%

1986 94.6 _ 3.5%

1985 9.4 0.0%

1984 _ 91.4 4.5%

1983 87.5 | 7.0%

1982 81.8 (8.3%)

1981 89.2 1.6%

1980 87.8 (3.8%)

1979 91.23 _ N/A

N/A ~ Not applicable.
*compiled by the Federal Reserve Board.

Sources: Federal Reserve Board, Federal Reserve Bulletin, July 1990;

and __gmLsnl_ﬁ_znginsgxing_uaﬂa; June 18, 1990, p. 38.



TABLE 4-8

COMPARATIVE PRODUCTION INDEXES,* 1979-1985

(1987=100)
sIC 28, Industrial

. All *Chemicals and Organic Synthetic

Yoar Manufacturing Products" Chemicals Materiale
1989 108.9 108.5° 109.2 103.1
1988 105.8 105.4 103.1 104.4
1987 100.0 100.0 ©100.0 100.0
1986 94.3 94.6 95.1 91.6
1985 ' 91.6 91.4 94.1 86.9
1984 89.3 91.4 . 93.4 88.9
1983 80.9 87.5 89.9 84.3
1982 76.6 81.8 81.0 71.8
1981 . 80.3 89.2 97.0 79.5
1980 . 78.8 87.8 92.8 71.2
. 1979 80.9 - ' 91.3 101.8 8s5.8

*Compiled by the Federal Reserve Board.

Source: cChemicg]l & Engineering News, June 18, 1990, p. 38.



TABLE 4-9

U.S. POLYMERS PRODUCTION, 1%85-1989

1989 1988 1987 1986 1985
Man-Made Fibers (millions of kg)

Noncellulosic
Acrylic 246 267 - 269 279 286
Nylon 1,243 1,211 1,220 1,140 1,063
Olefin 743 720 678 632 567
Polyester 1,630 1,670 1,606 1,459 1,515

Cellulosic* 263 279 274 281 253

Total 4,126 4,146 4,047 3,831 3,684

Synthetic Rubber (millions of kg} :

Ethylene-Propylene 260 263 254 230 21%

Nitrile _ 69 76 69 59 53

Polybutadiene 411 407 371 336 330

Styrene-Butadiene Rubber 874 902 850 792 735

Other 688 679 __638 596 505

. Total 2,302 2,324 2,182 2,013 1,838
Plastics Resine (millions of kg)

Thermosetting :
Epoxy (Unmodified) 231 220 196 180 175
Melamine 101 94 96 78 87
Phenolic 1,305 1,390 1,300 1,240 1,188
Polyesater (Unsaturated) 5958 636 620 576 554
Urea ' 669 646 626 576 548
Total 2,904 2,986 2,839 2,681 2,552

Thermoplastic :

Polyethylena
"Low Deneity 4,398 4,716 4,354 4,038 4,032
High Density 3,675 3,810 3,626 3,258 3,026
Polypropylene 3,283 3,299 3,015 2,636 2,331
Styrene Polymers
Polystyrene 2,318 2,353 2,168 2,028 1,839
Styrene-Acrylonitrile 51 67 57 . 42 39
Acrylonitrile-Butadiene- :
Styrene and Other
Styrene Polymers 1,086 1,097 1,022 996 924 .
Polyamide, Nylon Type 258 257 230 211 181
Vinyl Reains
Polyvinyl Chloride and :
Copolymers 3,846 3,788 3,616 3,291 3,072
Other 100 101 96 88 86
Thermoplastic Polyester 739 74% 632 533 438
Total® _ 1%,751 20,237 18,817 17,121 15,967

"Not organic.

wor those products listed. Some small-volume plastics are sxcluded.

Source: Chemical & Engineering Newg, June 18, 1990, pp. 40-41.



TBBLE 4=-10

CURRENT-DOLLAR VALUE OF SHIPMENTS IN
THE CHEMICAL IRDUSTRY, 1987-1989 AND
1990 FORECAST
(§ million)

1990 1989 1988 1987
{Forecast) '

SIC 28 (Chemicals and N.A. 274,459 258,924 229,015
Allied Products)

SICs 2821, 2822, 2824, N.Ah. 123,578 111,748 96,514
2843, 2865, 2869, 2873, :
2895 (Petrochemicals)

SICe 2865, 2B69 (Organic 66,252 63,754 56,745 50,972
Chemicals)

SIC 2821 (Plastice 38,096 36,616 33,800 26,144
Materials and Resins)

SIC 2822 (Synthetic N.A. - 3,390 3,339 3,310
Rubber)

SICs 2823, 2824 (Man-Made N.A. .13,486 12,411 11,444
Fibers)

SIC 2891 (Adhasives and N.A. 5,514 5,154 4,685
Sealants) -

SIC 2843 (Surface Active N.A. 3,829 - 3,376 2,980
Agants) ' .

SIC 2833 (Medicinals and N.A. 3,928 3,721 3,348
Botanicals) '

N.A. - Not availabie.

Source: U.S. bepartment of Commerce, Internaticnal Trade Administration,

1990 U.S5. Industrial Qutloock.
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synthetic organic chemicals. Table 4-10 is in current dollars, while
Table 11 is in constant (price-adjusted) dollars. Table 4-10 indicates
that the value of shipments in 8IC 28, Chemicals and Allied Products,
was 5274.5 billion in 1985. 1In the SICs defined by the Commerce
Department to represent the petrochemicals industry, value of .
shipments was $123.6 billion, about one-half of which was contributed
by SICs 2865 and 2869. Because of an increase in the price level,
growth in constant-dollar value of shipments has been less than growth
in current-dollar value of shipments. Constant-dollar value of
shipments is usually a good proxy for the physical volume of

shipments. Despite the previously discussed production decline in
1989, constant-dollar value of ahipments increased from 1988 to 1989

in each category shown in Table 4-11. This is most likely a reflection
that in 1989, inventories were drawn down, causing shipments (or

sales) to exceed production. The increase in the constant-dollar
value of shipments from 1988 to 1989 may also be partly explained by a
change in product mix. Specifically, an increase in the average
quality of shipments would not be factored into the price adjustment,
but rather would be reflected in an increase in value of shipments.

Due to record demand and modest capacity additions in the 1980sm,
average capacity utilization in the chemical industry increased to a
peak in January 198% of 89.3 percent, its highest level since 1951.7
In 1987, 1%88, and early 1989, many chemicals (e.g., ethylene, some
plastica) were running at nearly 100 percent of capacity. However,
from the first quarter to the fourth quarter in 1989, while production
wags up only 1.8 percent, capacity was up 3.9 percent. The result was
a decrease in capacity utilization from 88.9 percent to 87.0 percent."

4.4 DEMAND AND END-USE MARKETS

After a continuous increase for several years, the demand for
synthetic organic chemicals leveled off in 1989. Contributing greatly
to the problem were weak markets for automotive products and housing,
two of the most important end uses for synthetic organic chemicals.
PVC and thermoset resine, for example, are used substantially in
housing and construction, and ABS resing and synthetic rubber are key
materiale in automotive products. Production of motor vehicles
declined 4 percent in 1589 to the lowest level since 1983.Y 1In the
fourth quarter of 1989, motor vehicle output was down 22.5 percent
from the third quarter. In the first five months of 1980, motor
vehicle output was down 20 percent from the same period in 1989.
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TABLE 4-11

CONSTART-DOLLAR VALUE OF SHIPMENTS IN
THE CHEMICAL INDUSTRY, 1987-1989 AND
1990 PORECAST
(millions of 1987 dollars)

1990 (Forecast) 1989 1988 1987
8IC 28 (Chemicals and 245,458 241,350 233,877 229,015
Allied Products)
SICe 2821, 2822, 2824, 101,855 100,049 97,316 96,514

2843, 2865, 2869, 2873,
2895 (Petrochemicals)

SICs 2865, 2869 (Organic 51,947 51,166 - 49,797 50,972
Chemicals) - :
- SIC 2821 (Plastics - 28,730 28,166 27,614 26,144
Materials and Resins) ’ .
S8IC 2822 (Synthetic 3,406 3,340 3,274 3,310
Rubber)
SICs 2823, 2824 (Man-Made N.A. 12,010 11,716 11,444
Fibers) ' .
8IC 289} (Adhesives and 5,462 5,106 4,862 4,685
Sealants) : _
SIC 2843 (Surface Active 3,430 . 3,267 3,120 2,980
Agents) _
~ 8IC 2833 (Medicinals 3,575 3,501 3,423 3,348

and Botanicals)

Source: U.S. Department of Commerce, International Trade Administration,

1990 U.S. Industrial Qutlook. ) )
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Meanwhile, new hbusing starts in 1989 were at the lowest level since
1982, falling 7 percent from 1988."

The decresse in domestic demand in 198% was offset somewhat by
strong export demand. This was not encugh, though, to prevent an
overall decrease in demand. Demand (consumption) in 1989 did not
decline as much as production, however. This is bacause demand was
met not only by production, but also by a reduction in inventory.

This followed an inventory build-up in 1988 in anticipation of supply
shortages. The inventory correction was expected to have been
completed by the end of 1989, and it has been predicted that
*production of synthetics should better than match final demand in
1990, " _

Synthetic materials (i.e., polymers) ehjoyad particularly strong
demand in the 19808, at least up until 1989. Part of the reason for
this is that the 19808 generally saw stronger consumer markets -- in
which many synthetic materials are consumed as end products -- than
industrial and agricultural markets.” About 30 percent of all plastic
materials, for example, are consumed in packaging, mainly for consumer
products. The second biggest end use for plastics is housing and
construction, which accounts for about 23 percent of consumption.
Synthetic matérials also achieved some of their growth in the 1980s by
replacing such natural materials as wood, metals, glass, and paper."
High pricea for synthetic materials in 1988 threatened a switch to
less-expensive alternative materials.” But with the decline in
prices in 1989, synthetic materials are now expected to continue
replacing competing materials. The price of crude olil prevailing in
November 1989 -- $18-20 per barrel -- was considered to give synthetic
materials a competitive advantage over natural m;tnriall.”

The demand for specialty chemicals has also outpaced general
sconomic activity in recent years. Current high growth areas include
peparation chemicals, specialty polymers, oil field and refinery
chemicals, adhesives, water treatment chemicals, processing aids,
lubricant additives, and industrial coatings.

A U.S. International Trade Commission document in April 1983
cited an unpublished demand elasticity estimate for chemicals and
allied products of -0.7 to -0.9.* According to this estimate, the
demand for chemicals is in general relatively inelastic. This is
‘consistent with the notion that most chemicals are prdducar goods that
are needed as inputs by other producers -- both other producers in the
chemical industry (the largest market for chemicals is the chemical
industry itself) and preoducers in other industries. Producers are
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often reliant on a chemical input because they have a heavy investment
in their exieting processea. Nevertheless, the elasticity of demand
for chemicals must really be evaluated on a caée—by-case basis.

Demand could be relatively elastic if a substitute is readily
avajilable at comparable cost. As mentioned previously, for example,
two~thirds of the petrochemical industry has the capability to switch
between petroleum-based and natural gas-based feedstocks. And
synthetic materials face competition from such natural materials as
wood, metals, paper, and glais. As another examplie, one trade journal
article, referring to the surfactants business, states -that
lintermediates producers don‘t always have the luxury of passing cost
hikes along to customers ... because of the pressures of potential
substitutions ..."®

4.5 FOREIGN TRADE

The chemical industry is the leading export industry in the U.S.
As Table 4-12 indicates, exports in SIC 2B, Chemicals and Allied
Products, amounted to §$38.0 billion dollarse in 1989. Imports were
only $23.2 billion, so the trade balance was +514.8 billion. SIC
2821, Plastics Materials and Resins, contributed 28 percent of this
with a trade balance of +5§4.2 billion in 1989. The trade surplus in
SIC 28 has increased by 54.7 percent since 1987, based on imprassive'

- export growth of 42.4 percent that exceeded import growth of 35.6
percent. In 1989, the only two SIC groupings listed in Table 4-12 with
trade deficits were SIC 2843, Surface Active Agents (-$10 million),

and SIC 2833, Medicinals and Botanicals {-$886 million).

U.5. exports and importe from 1979 to 1989 for a slightly
different Commerce Department definition of chemicals and related
products are shown in Table 4-13. According to this definition, exports
in 1989 were $36.5 billion, imports were $20.8 billion, and the
-balance of trade was +$15.7 billion. From 1979 to 1986, exports were
_ sluggish, and the trade syrplus declined. Since 1986, however,
exports have taken off, and as a result the trade surplus has more
than doubled. The improvement in the balance of trade is primarily
attributable to a decline in the value of the dollar, which has made
U.S.~produced chemicals lesse expensive overseas and foreign-produced
chemicals more expensive in the U.S.; and cost reductions by the U.S,
industry in the early 1980s, which has improved the competitiveness of
U.S. products.? ' '
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TABLE 4-13

U.S. EXPORTS AND IMPORTS OF CHEMICALS AND

RELATED PRODUCTS®, 1979-1989

($ million)

Balance

Year Exports . Imports of Trade
1989 36,485 20,752 15,733
1988 32,300 19,876 12,424
1987 - 26,381 16,213 10,168
1986 22,766 15,001 7,765
1985 21,759 - 14,533 7.226
1984 22,336 13,687 8,639
1983 19,751 10,779 8,972
1982 13,850 9,493 10,357
1981 21,187 9,446 11,741
1980 20,740 8,593 12,147
1979 17,306 7,485 9,821

I'close, but not identical, to SIC 28.

Sources: U.S. Department of Commerce, Bureau of the

Census, Statistica

States ]1989; and
June 18, 1990, p.
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The composition by industry segment of U.S. foreign trade in
chemicals and related products in 1989 is detailed in Table 4-14.
pPlastics and resins and organic chemicals lead the way, accounting for
over half of all exports and over half of the total trade surplus. In
Table 4-15, U.S. foreign trade in chemicals and related products in 1%8%
is disaggregated by country or region. The U.S. rune ite biggest
surpluses with the “Other Asia™ segment and Latin America. The
leading destination for U.S. exports is Western Europe. However, U.S.
exports to Western Europe, $10.9 billion, were nearly matched by
importe, $10.6 billion.

In Table 4-16, the U.5.’s share of world trade in chemicals and
related products in 1989 is revealed. The U.S. accounted for 13.5
percent of world exports and 7.7 percent of ‘world imports. The U.S.
ranked second behind West Germany in all three measures of foreign
trade in Table 4-16: exports, imports, and the balance of trade.

Foreign trade statistics for some major petrochemicals are
presented in Table 4-17. The leading export petrochemicals in 1989 were
polypropylene, styrene, and ethylene glycol. By far, the '
petrochemical imported the most was methanol. In 1989, the U.S.
imported 1.5 billion kilograms of methancl and exportad only 86.6
million kilograms. Domestic production of methanol in 1989 was 3.2
billion kilograms (see Table 4-1). Another patrochemical for which the
U.5. depends heavily on imports is 1,3-butadiene. Imports of
putadiene in 1989 amounted to 348 million kilograms, compared to
exports of only 24 million kilograme. U.S. production of butadiene in
1989 was 1.4 billion kilograms.

4.6 PRICING

As Table 4-18 indicates, prices of chemicals and related products
recorded their biggest gains in 1988 and 1989 since 1981. The 5.8
percent increase in 1989 masks a decline in prices that began in the
middle of the year, however. The Department of Labor index peaked in
April and May of 1989, and by December had fallen 3.1 percent. Still,
in December 1989, prices were 7.2 percent higher than in January 1988.
Prices have rebounded somewhat in 1990, increasing by 1.2 percent from
December 1989 to June 19%0.

The decline in prices in the second half of 1989 can be
attributed to lower demand and capacity increases. The fall in prices
was most pronounced for organic chemicals and plastics materials.*



TABLE 4-14

U.S. EXPORTS AND IMPORTS OF CHEMICALS
AND RELATED PRODUCTS, 1989

{$ million)

. Balance
Exports Imports of Trade
Organic Chemicals 10,609 7,042 3,567
Plastics and Resins 7,928 3,316 4,612
Medicinals and Pharmaceuticals 3,660 2,086 1,574
Inorganiec Chemicals | 2,986 2;239 747
Fertilizers, Manufactured 2,821 999 1,822
Pesticides and Disinfectants 32 28 4
Radioactive Materials 1,333 952 341
Flavors, Perfumes, Cosmetics, 1,053 968 85
and Toiletries
Pigments, Painte, and Varnishes 772 515 257
Cleaning and Polishing Materiale 416 197 219
Dyeing, Tanning, and Coloring aa2s 618 (293)
Materials
Explosives and Pyrotechnics 123 131 (8)
Misc, 4,427 1,621 2,806
Total 36,485 20,782 15,733
Source: Chemical & Engineerjing News, June 18, 19%0, p- 67.
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TABLE 4-15

DISTRIBUTION OF U.S. EXPORTS AND IMPORTS
OF CHEMICALS AND RELATED PRODUCTS IN 1989 BY COUNTRY/REGION
($ million}

Balance
Exports : Imports - of Trade
Canada 4,210 3,938 - 272
Latin America 5,419 1,200 4,215
Western Europe 10,891 10,582 309
Eastern Edrope 409 208 201
Communist Asia 1,137 273 .864
Japan _ 4,664 2,373 2,291
Middle East 542 371 171
Other Asia 6,624 - 985 5,639
Australia 1,364 201 1,073
Africa | 702 61 641
Other 522 474 48
Total 36,485 20,752 15,733
Scurce: Chemical & Engineering News, June 18, 1990, p. 67.

427



TABLE 4-16

WORLD TRADE IN CHEMICALS AND RELATED PRODUCTS, 1989
: ($ million)

. Balance
Exports Imports of Trade
u.s. | 36,485 20,752 15,733
Canada | 6,184 7,791 (1,607)
EC
Belgium/Luxembourg 14,010 11,648 2,362
France 23,980 20,637 3,343
Italy - 10,782 17,220 - (6,438)
The Netherlands 19,321 _ 11,577 7,744
U.K. 20,038 17,431 2,607
West Germany 44,184 23,361 20,823
Other _ - 15,091 18,234 (3,143)
Switzerland ' 10,890 6,552 . 4,338
. Japan . 14,776 15,948 (1,172)
Other i 54,739 99,329 (44,590)
Total 270,480 270,480 - -
Source: Chemical & Engineering News, June 18, 1990, p. 67.



TABLE 4-17

ESTIMATED U.5. EXPORTS AND IMPORTS OF .
SELECTED MAJOR PETROCHEMICALS, 1989

{millions of kg) .

: ' : _'Balance -

Exports Imports of Trade
Benzene 19.2 49.4 -30.1
Butadiene 23.6 348.2 -324.6
Ethylene 1.5 - 86.2 -84.5
Bthylene_Glycol 493.8 .162'9 330.9
High-Density Polyethylene 418.3 88.6 329.7
Low-Danlity_Polyathyleﬁe 448.6 363.8 84.§
Methanol ' 86.8 1,458.3 -1,371.5
PET 57.4 - 57.4
Polypropylene €14.5 23.8 590.8
Polystyrene §2.0 5.8 46.2
PVC 330.4 36.6 293.7
Propylene 107.3 118.3 -11.0
Propylene Glycol 88.77 2.4 96.3
Styrene Monomer 608.1 189.3 418.8
Styrene Butadiene Rubber 187.2 92.8 94.3

Source: Chemical Marketing Reporter, April 2, 1920, p. SR18.
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TABLE 4-18

PRODUCER PRICE INDEXES" FOR SIC 28,
. CHEMICALS AND ALLIED PRODUCTS, 1979-19%0

{1982=100)

o Percent Change
Year/Month Index From Prior Year
1990

June 122.4 R/A

May 122.3 N/A

April 122.0 N/A

March 122.1 N/A

February - 121.7 N/h

January . 121.2 N/A
1989 ' 123.0 5.8%
1988 116.3 9.3%
1987 : 106.4 3.7%
1986 ' 102.6 (1.1%)
1985 : 103.7 0.8%
1984 102.9 2.6%
1983 100.3 0.3%
1982 100.0 _ 1.6%
1981 8.4 10.6%
1980 89.0 17.1%
1979 ' 76.0 N/A

N/A - Not applicable.
‘Compiled by the U.S. Department of Labor.

Sources: - U.8. Department of Commerce, Bureau of Economic Analysis,

gurvey of Current Bugipess, July 1990; and U:S. Department
of Commerce, Bureau of the Census, ftatistical Abstract of

pel es 1989, ’



In January 1990, prices for industrial petrochemicals were on average
5-6 percent lower than their peak in the second quarter of 1989.%

The price of ethylene declined from 71-75 cents per kilogram in early
1989 to 51 cents per kilogram by the end of the year. The price
decreases in the second half of 1989 occurred despite increases in
labor and raw materials costes. This suggests that industry demand has
gome degree of price elasticity, and the more elastic demand is the
more difficult it ie to recover compliance costs without sacrificing
excessive amounts of output. In general, it is likely that producers
of end-product chemicals have more pricing flexibility than producers
of basic and intermediate chemicals. Basic and intermediate chemicals
are essentially commodity products, produced to standard specifications -
with little or no product differentiation. They also tend tc be
produced by a large number of producers. In the U.5., basic chemicals,
for example, are produced on average by 25 different producers.” Both
of these factore could inhibit pricing flexibility. End-product
chemicals are generally produced in smaller volumes and sold at higher
prices than basic and intermediate chemicals. They are produced to
perform a specific function and are more differentiated than basic and
intermediate chemicals. Consequently, their producers are likely to
have a degree of pricing discretion.

4.7 FINANCIAL PROFILE

Profitability in the U.S. chemical industry turned downward in mid-
1989 when prices began falling. By the end of 1989, profit margins
for plastics materiale, for instance, had fallen teo 1986 levels.®

Still, 1989 was a very profitabie year for U.S. chemical companies.
In a sample of 30 companies, Chemical & Engineering News found an
average after-tax profit margin of 8.6 percent in 1989.% This was
higher than in any other year in the 1980s other than 1988. For the
same sample, the average profit margin was 5.0 percent in 1986, 6.8
percent in 1987, and 9.6 percent in 1588.

Specialty chemicals tend to be more profitable than commodity
chemicals. Thiw is because specialty chemical producers tend to have
more pricing discretion and face less competition than commodity
chemical producers. In 1980, four of the five most profitable
chemical companies were producers of specialty chemicals.”®

Capital spending in the U.S. chemical industry from 1980 to 198%
is summarized in Table 4-19. The table alsc shows the Commerce
Department forecast for 1590. Total capital spending in 1989 was



TABLE 4-19

CAPITAL SPENDING IN THE U.S. CHEMICAL
INDUSTRY, 1980-1989 and 1990 FORECAST
($ billion)

Year Capital Spending
1950* 20.75
1589 20.35
1988 19.25
1987 16.42
1986 ' 16.81
1985 . o 16.44
1984 15.32
1983 12.96
1982 12.66 °
1981 13.11
1980 11.63

*U.S. Department of Commerce forecast.

Source: Chemical & Engineering News, June 18, 1990, p. 50.



$20.35 billion. This was up 5.7 percent from 1988. From 1987 to
1988, capital spending increased by 17.2 percent, the biggest increase
of the decade. The average annual rate of increase from 1980 to 1989
was 6.4 percent. Capital spending is forecast to increase by only 2.0
percent in 1990.

_ In a epring 1989 survey of the chemical industry, Data Resocurces
Inc. found that 33 percent of planned capital spending in 1989 and
1990 was for plant expansions and 67 percent for plant replacement and
modernization.? The focus of capital spending in 1989 was expected
to be on synthetic materiale, drugs, and agricultural chemicals. In
1986, capital ocutlays in the chemical industry for pollution contreols
amounted to $624 million.®

From a sample of 19 chemical companies with sazles over $1 bhillien,
Chemical & Engineering News calculated that the median ratio of long-
term debt to total capitalization (long~term debt plus equity} in 1989
was 32.6 percent, the median ratio of capital spending to sales was
9.0 percent, and the median ratio of R&D spending to sales was 2.7
parcent.® For 17 companies with sales under $1 billion, the debt to
total capitalization ratio was 29.4 percent, capital spending was 6.5
percent of sales, and R&D was 3.2 percent of sales. This indicates
that large companies tend to devote a greater portion of their budgets
to capital spending and the smaller companies allocate more to R&D.
Also, large companies are on average more highly leveraged. The
Commerce Department estimates that the average ratio of debt to total
capitalization in SIC 28, Chemicals and Allied Products, in 1989 was
33.5 percent.¥ This was the highest level in the 1980s, though it
was exceeded by the average ratio for all manufacturing, 37.2 percent.
The major reason why the U.S. chemical became more leveraged in the
1980% is that many acquisitions were financed by debt. Some firms are
now very highly leveraged. Georgia Gulf, Vista Chemical, Sterling
Chemicala, and Rexene, for example, all have no book equity value
(total debt exceeds total assete.)*® Such firms are at risk if there
is a slowdown in their markets.

4.8 OUTLOOK

Output in the U.S. chemical industry is expected to grow slowly
in the early 19908 as growth in the U.5. economy as a whole abates.
The Commerce Deparfmant projecte that in the next five yearws,
petrochemicals will grow by 2 percent per year, and organic chemicals
by 1.5 to 2 percent per year.* These are substantially lower than the

robust growth rates of the late 1580s. Lagging automobile and
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housing sales, as well as slowing export markets, will contribute to
the slower growth in the U.S. chemical industry. Standard & Poor’s
predicts that output of organic chemicals in the U.S. will grow in the
long term at a slightly faster rate than real GND, mainly due to.
overall growth in the demand for synthetic materials.”

' Some segnents of the U.S. chemical industry are expected to have
healthy growth in the early 1990s. Plastics materials, for example
are projected by the Commerce Department to grow by 4 percent per ysar
in the early 1990s.® One consultant expects the three fastest-
growing engineering thermoplastics -- polyketones, ligquid crystal
polymers, and polyphenylene sulfide == to continue sxperiencing
double-digit growth well into the 19908.”® The demand for specialty
chemicals is forecast tc increase by 5.5 peréaht per year over the
next 5 years.® Particularly fast growth -- 12 percent per year —-- is
projected for diagnestic aids {chemicale used in laboratory and clini-
cal work}. In general, thermeplastice have more growth potential than
thermosetting plastics, which are consumed in mature markets and which
are heavily dependent {two-thirds of final demand) on construction, &
slow-growing sector of the economy.*

The U.S. chemical industry was threatened by higher crude oil
prices during the war with Iraq. Increased feedstock costs could have
ercded profit margins. Howaver, producers were tamporarily.able to
maintain their margine during the early part of the war. They were
able to do o because customers sought to build up their chemical
inventories in the face of scaring crude oil prices. The price of
crude oil fell back to its pre-war level following the resolution of
the conflict.

A major concern for U.S. chemical producers in the garly 1990s is
the prospect of overcapacity. Based on announced capacity expansions
through 1993, the WEFA Group expects "virtually every major player
involved in feedstocks and resins to be adding capacity."® Projected
capacity increases in the U.S. through 1993 include ethylene by 30
percent, propylene by 30 percent, styrene by 50 pesrcent, vinyl
chloride monomer by 25 percent, PVC by 30 percent, and polyethylene by
30 percent.® Based on a survey in 1989 of preducers, Data Resources
Inc. projects that capacity in the U.S. chemical industry will
increase by 7.0 percent in 1990 and by 5.4 percent in 1991.4
Already, the average industry operating rate is forecast to decline to
84.3 percent in 1990 from 86.8 percent in 1989.% The capacity .
additions are expected to occur in the face of weakened demand. This
will create pricing pressures for chemical producers. Ethylene and
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propylene prices, for example, “are likely to take a big hit at the
end of 1991 and the baginning of 1992 when new moncmer capacity starts
coming on-line."% Falling prices, at least, should enable synthetic
materials to continue replacing such competing materials as glass,
metals, paper, and wood.”

Significant capacity additions are also expected overseas,
particularly in the Far East. This could negatively affect U.S.
foreign trade. The U.S. trade balance in chemicals is also expected
to be under pressure from domestic environmental regulations that add
to the U.S. cost of production. Overall, however, U.S. exports are
expected to continue to grow, and the chemical trade balance will
remain positive.®

Data Resources Inc. estimates that after-tax preofits in the U.S.

' chemical industry will fall 5.3 percent from $26.3 hillicn in 1989 to
$24.9 billion in 1990.® Profits on commodity petrochemicals in
particular are expected to be considerably lower in 1990. The
long-term outlook for profitability will depend on the balance of
supply and demand. As discussed, demand growth is only expected to be
moderate. With the prospect of excess capacity, it is possible that
profitability in the early 1990s will not match the high levels of the
late 1980s. A new period of lower profits, at least for the next few
years, may have been heralded by the general decline in industry
profitability in late 1989. In general, specialty chemicals are
expected to be more profitable than commodity chemicals in the next

five years.”

4.9 CHEMICAL SYNOPSES
4.9.1 Ethyleng

Ethylene is the largest-volume organic chemzcal produced in the
U.S. Fabricated plastics (polyethylene, pelyvinyl chloride, and ‘
polystyrene) account for about three-quarters of final demand.® oOther
important uses include antifreeze, synthetic fibers, elastomers,
golvents, and detergents.

Worldwide ethylene production capacity on June 1, 1989 was 52 0
billion kilograms, per year.® The U.S. accounted for 19.6 pillion
kilograms, or 37.7 percent, of this. Two years earlier, on Juns 1,
1987, worldwide capacity was 48.3 billion kilograms and U.S, capacity
was 16.8 billion kilograms. From June 1, 1987 to June 1, 1989,
therefore, worldwide capacity increased 7.7 percent while U.S.
capacity increased 16.7 percent. The increase in U.S. capacity was
achieved through debottlenecking and modernization.
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Rising demand for ethylene derivatives and shortages caused by
explosions at a couple of U.S. refineries in 1988 combined to cause

ethylene prices and profits to increase in the late 1980s. In the
fall of 1989, olefins profitability was described as being "the besat
it has been during the decade."® 1In 1988, ethylene capacity was
running at over 100 percent.™ |

In the latter part of 1989, the ethylene market quickly changed. -
As & result of the aforementicned buildup in capacity and weaknesses
in derivatives markets, capacity utilization began to decline and
prices and profits followed Buit. Operating rates slipped to about 90
percent in March 1990, while the price of ethylene.in January 1990 was
51-53 cents per kilogram, about 22 cents per kilogram lower than one
ysar earlier.® )

Industry operating rates are projected to continue to decline in
the early 1990s as additional capacity comes on stream. Anncunced
expansions through 1993 would increase U.S. capacity by 34 percent.®
Meanwhile, ethylene demand is projected to grow by only 3.5 percent
per year.¥ According to one forecast, operating rates will decline
to 86 percent in 1992.® Dpespite looming overcapacity, the
profitability outlook is mixed. One analyst foresees "profitability
for ethylene as relatively low for much of the 1990s."® Standard &
Poor’s, on the other hand, believes that despite the decline in
capacity utilization, ethylene still has "relatively healthy profit
potential."®

4.9.2 Propylene

Propylene is the second-largest organic chemical produced in the
U.5. The wost important end market is polypropylene film, packaging,
and fibers.® Other important end uses include acrylic fibers, resin
applications, foams and coatings, and solvents.

After doubling in 1987, prices were stable in 1988. In early
1989, prices rose to 53 cents per kilogram, the highest level in
‘years. By the end of 1989, the price had fallen to 34 cents per
kilogram. In August 1990, the price stood at 32 cents per kilogram.
The cause of the price decline has been overcapacity. In the fourth
quarter ©f 1989, average capacity utilization in the U.S8. propylene
industry was only 75 percent.®

The demand for propylene ia forecast to grow by three percent per
year in the long term.® Demand growth will be driven mainly by
expanding markets for pelypropylene in acrylic fibers and reeins.



4.9.3 Jengzene
Benzene, along with toluene and the xylenaes, is one of the

aromatic chemicals. Aromatics are used to increase the octane rating
of unleaded gasoline. Other major end uses of aromatics include
plastics (films and fabricated products), fibers, resins, and rubber.
Benzene is used almost exclusively as an intermediate in the
production of other chemicals. Styrene accounts for 55 percent of
benzene demand; and cumene/phenol, cyclohexane, and chlorobenzenes
another 40 percent.®® _

The supply of benzene is linked to the demand for gasoline. Por
example, one source of benzene is toluene hydrodealkylation. &An
increase in the demand for gasoline, resulting in increased demand for
octane boosters such as toluene, reduces the amount of toluene
available for benzene production. The supply of benzene is also
dependent on the demand for ethylene, the manufacture of which
pyrolysis gasoline == another source of benzene -~ ig a byproduct.

Because the supply of benzene is dependent on such exogenous
factors as the demand for gasoline and the demand for ethylene, and
becauge benzene demand is cyclical (varying generally with GNP},
benzene prices can be veolatile. 1In 1986, benzene prices fell to 80
cents per gallon with the decline in the price of crude cil, benzene’s
feedstock. Prices rebounded in 1987 and 1988 as a result of strong
derivatives demand (worldwide, styrene facilities were at 100 percent
of capacity in 1989, for example)} and an increase in the gasoline
demand for octane.® At one point in the spring of 1987, the price of
benzene surged to 52.50 per gallon. In 1989, the price stood at $1.55
per gallon in March, fell to $1.00 per gallon in August, and rebounded
to $1.50/gallon by the end of the year as a result of a supply
shortage caused by downed facilities. In August 1990, the price of
benzene was $1.30 per gallon. In January 1590, aromatics were
considered to be profitable, but profitability was declining to a
"more reasonable profit/product relationship.*®

According to one forecast, benzene dewand in the U.S. is expected
to increase from 8.9 billion kilograms in 1988 to 11.7 bhillion
kilograms in 1993.® This computes to robust average annual growth of
5.6 percent. This may be optimistic, considering that world styrene
demand is only forecast to increase by three percent per year through
1993.% oOperating rates are forecast to increase from 78 percent in
March 1990 to 85 percent in 1992.® This is counter to the general
downward trend expected for the petrochemical industry in the next
several years. If the current unrest in the Middle East leads to a
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long-term crude oil supply disruption, ethylene capacity utilization
could run a different course, however. Higher crude oil prices and
hence higher gasoline prices could reduce the demand for arcmatics for
the gasoline poecl. This, in turn, would increase the supply of
srcmatics available for chemical conversion, which would represent an
increase in available capacity.

4.9.4 Rubber-Procesging Chemicale

Rubber-processing chemicals are organic compounds that are added
to rubber to give it qualities necessary for conversion into finished
rubber goods. In 1988, according to the U.S. International Trade
Commission (ITC), 160 million kilograms of rubber-processing chemicals
were produced in the U.S., and 121 million kilegrams were sold on the
merchant market at a value of $424 million.”

There are 23 U.S. producers of rubber-processing chemicals.
However, four producers -- Monsanto, Uniroyal Chemical Co., Mobay, and
Goodyear -- supply 85 percent of the market.” Monsanto has the highest
market share with 39 percent. The industry underwent consolidation in
the Becond half of the 1980s, as mergers, breakups, and restructurings
reduced the number of firms in the field. The reductiocn in the number
of suppliers "eased competition, enabling the survivors te earn
- respectable profits in the very slowly growing market."” Because of
the campiexity of manufacturing rubber-processing chemicals, entry
into the market is considered to be relatively difficult.™

Growth in the rubber-processing chemicals industry is tied to
the markets for rubber products, in particular tiree, which account
for 60 percent of rubber consumption in the U.S.” Total consumption
in the U.S. of rubber-processing chemicals in 1989 wae an estimated
106.8 million kilograme.® This is significantly less than the ITC’s
estimate of domestic output. Since the difference is not explainable
by exports, "most industry analysts discount these (the ITC data) as
unreliable.”” Consumption in 1989 was composed of 65.5 million
kilograms of antidegradants (antioxidants and antiozonants), 35.9
million kilograms of accelerators, and 5.3 million kilograms of
miscellanecus rubber-processing chemicals (e.qg., reptizere, blowing
agents}. Domestic consumption is forecast to be 111.4 million
kilogrnms in 1990, and to increase to 121.9 million kilograms in
1995.® This represente only 1.8 percent annual growth. Growth in
the use of rubber-processing chemicals is expected to lag synthetic
rubber growth mainly because of the continuing switch to radial tires,
which have a longer useful life then bilas tires, and which contain
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proteins and lipids that function as antioxidants.” Despite the slow
growth, capacity, which was fully utilized in 1988, is likely to
remain tight, as there are currently no plans worldwide to build large
unitsa.

The outlook for antioxidants, only 38 percent of which are
consumed as rubber processing chemicals, is very bright. From §538
million in 1987, the antioxidant market is projected to grow to §725
million in 1992 and $1.1 billion by 200C -- an iveraga annual growth
rate of 6.1 percent.®

4.9.5 Surfactants : _

Surtace active agents, or purfactants, are organic chemicals
that reduce the surface tension of water or other solvents. About 40
percent of murfactant use is in household cleaning products such as
soaps and detergents.® By reducing surface tension, surfactants loosen
and suspend dirt deposite and stains, allowing for them to be washed
away. Surfactants contributed about 0.6 billion kilograms of the 2.6
billion kilogram heavy-duty detergent market in 1989.%

In the 1987 Census, 45 percent of total employment in SIC 2843
-~ Surface Active Agente, Finishing Agents, Sulfonated Oils, and
Assistants -- was concentrated in four states: Illinois, New Jersey,
North Carolina, and Louisiana. Total employment in each of these
states ranged from 800 to 1,400. . Total U.S. employment in SIC 2843 in
1987 was 9,100. '

Total production of surfactants in the U.S. in 1989 amounted to
3.6 billion kilogramg, up from 3.3 billion kilograms in 1988.% At the
beginning of 1990, the surfactants industry was operating at or near
full capacity.™ Surfactants have benefitted from the shift to liquid
and automatic dishwashing detergents, though "market growth has slowed
somewhat in the past few years."® 1In 1988, 2.0 billion kilograms of
surfactants were scld at a value of $2.3 billion.%

" Surfactants are derived from ethylene and ethylene cxide, and
surfactant prices rose in 1988 and 1989 in response to the increase in
the price of ethylene. In 1989, for example, surfactant prices were
up 5.8 percent.” However, prices did not increase to fully recover the
ethylene cost increase.® This is because surfactants face competition
from natural oil-based alcohols, such as aleohole derived from
coconuts and palm kernel oil. 1In the first half of the 1990s, world .
capacity for natural oil-based detergent alcohols is expected to
increase by at least 181 million kilograms, with growth concentrated
in developing countries with the raw material resources.
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Real (price-adjusted) value of shipments of surfactants in the
U.S. is projected to grow an averages of 3.8 ﬁercent per year through
1994.® According to the Commerce Department, "tightened profit
margins could cause some firms, espacially smaller ones, to stop
manufacturing surf;ctants.'“ '

4.9.6 pPlastjcizers
Plasticizers are organic chemicals that are added to plastics

and resin materials. U.S. production of plasticizers in 1988 totalled
1.0 billion kilograme, up 15.0 percent from 0.9 billion kilograms in
1987.% Sales in 1988 were 0.9 bhillion kilograms, valued at §$1.0
billion.

There are over 25 manufacturers of plasticizers in the U.5., but
six are considered to control the market: Exxon Chemical Co., Eastman
Chemical Products Inc., BASF Corp., Aristech Chemical Corp., Monsanto
Chemical Co., and Huels America Inc.”™ The market is considered to be
highly competitive.™ '

Seventy percent of the plasticizers market is accounted for by
' phthalate esters. The leading phthalate ester, with a 22 percent
share of the plasticizers market, is dioctyl phthalate (DOP). Exports
of DOP dropped to 4 million kilograms in 1989 from 20 million
kilograme in 1988. This was due to the absence of China and Taiwan
from the market. Excluding exports, the U.S. plasticizere market has
been static the past ten years.®

Pricing is generally not considered to be a major priority when
choosing a plasticizer. The properties of the chemical ars more
important.® Nevertheless, the linear phthalates, which conprise 19
percent of the plasticizers market, loet share in 19688 and early 1989
when the price of ethylene soared. This indicates that customers are
somewhat sensitive to price, and that there is competition among
alternative plasticizers.'

Plasticizers are dependent on the PVC market. PVC producers
consume 80-82 percent of plasticizers output in the U.S., and.
plasticizers constitute 10 to 35 percent of PVC by weight.” ®Rith the
outlock for sluggish PVC sales, plasticizers consumption in the U.S.
is only expected to grow on average by 1.5 percent per year through
1992.% '

4.9.7 pdhesives and Sealants

The value of shipments in SIC 2891, Adhesives and Sealants, was
$5.5 billion in 1989.% The world market for adhesives and sealants is
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estimated at $10 billion.'® The largest classes of adhesives and
sealants, in order, are amino resins, phenolica, starches, styrene
butadienes, polyvinyl acetates, acrylics, and polyurethanes. The
major markets for adhesives and sealants, in order, are construction,
automotive products, packaging, aerospace, and electronics.

Thers are about 550 companies in the U.S. that derive more than
half of their sales from adhesives and sealants. The ten-firm
concentration ratio is 34 percent.™ The biggest producers are 3M with
7 percent of the market, and National Starch and E.B. Fuller with 6
percent each. There has been a great deal of merger activity in the
industry lately. Among the factors driving the consolidations are the
benefits of sharing the high costa of R&D and environmental
compliance. The consolidation trend is expected to continue, with the
number of companies in the industry declining to S00 in the next five
years.'®

Total employment in SIC 2891 in 1987 was 20,900.'® Four states —-
Ohic, California, Illinois, and New Jerssey —- accounted for about
one—half of the total.

The U.S. adhesives and sealants market grew 3.2-3.5 parcent in
1989. This represented a slowdown from previous years. The market is
expected to grow 3 percent in 1990."™ Ppricing is currently soft. This
is in part due to exceag capacity. In March 1990, for saxample, a
recently opened H.B. Fuller plant was operating at only 10 percent of
capacityﬂ” Alsoc, large customers are increasingly giving accounts to
one supplier in return for, among other things, price concessions.'™

4.9.8 Pegticides

Pesticides are chemicals used to destroy or repel plant or
animal pests. The major types are herbicides, insecticides, and
fungicides. U.S. production of pesticides from 1979 to 1988 is
gummarized in Table 4-20. Production has been flat since 1982, after
declining from higher levels in previous years.

In 1988, 70 pesticide companies operated in the U.S. The top
six companies accounted for half of domestic sales.™ There has been a
wave of mergers in the industry, and the 20-30 "major players” may
shrink to about 10 in the next few years.'®

In 1968, $4.8 billion of pesticides were consumed in the U.S.
of this, $3.9 billion was supplied by domestic producers and $0.9
billion was imported.'® The U.S. eprrted $2.3 billion of pesticides in
1985. Agricultural crops consumed $4.0 billion of pesticides in 1988,
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while the remaining $0.8 billion was consumed in noncrop applications
such as forestry, industrial, turf, nursery, and home and garden. The
size of the world market for pesticides in 1988 was estimated to be
$21 billion.

Pesticides demand in the U.S. was flat in 1989 due to weather
conditions that limited agricultural output and technological
improvements that reduced per-acre application rates. Growth in 1990
and in the long term is also expected to be slow. Worldwida,
long-term growth is projected to be 2 percent per year.'® But growth
will be highest in developing countries. The U.5. market is mature,
and can tkpact little growth. One industry insider predicts that
»total poundage produced by the pesticides industry will continue to
decline, while dollar values will rise."! Growth will be constrained
by continued efficiency gains rasulfing from technological improvements
and a slow-down in planted acreage. Also, genetically engineered
products could cut into pesticides markets. Export demand for U.S.
pesticides has been slowing down due to a number of factors: 1) slowing
growth in planted acreage and 2) reduced per-acre application rates; 3)
tougher U.S. export controls for hazardous chemicals; 4) increased
environmental concerns in export markets; and 5) increased production in
foreign markets as patents on U.S. products expire.

4.9.9 Medicinal Chemicals

Medicinal chemicals include the medicinal and feed grades of all
organic chemicals having therapeutic value. The definition
enconmpasses bulk chemicals only, not derivative pharmaceutical
preparations in the form of pills, tablets, capsules, or other
measured doses. Total U.S. production of bulk medicinals in 1988
amounted to 117.1 million kilograms.'? Sales were 103.4 million
kilograms, valued at $i.8 billion. By weight, 38.6 percent were
gastrointestinal agents and therapeutic nutrients, 16.6 percent
analgesics, 14.9 percent vitamins, 11.2 percent antibioticse, 7.4
percent anti-infective agents, 5.8 percent dermatological agents, and
5.5 percent other.

In 1987, 11,600 workers were employed in SIC 2833, Medicinal
Chemicals and Botanical Products (which includes inorganic chemicals).'?
Fully 62 percent of total employment was concentrated in New Jersey,
Migsouri, California, and Indiana.

The Commerce Department projects the comstant-dollar value of
shipments in SIC 2833 to increase by 2.5 percent in 1990 and by 2.2
percent per year over the next five years.'" The U.5. had a trade
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deficit of - $886 million in SIC 2833 in 1988. The trade deficit is
expected to increase at a moderate rate.!ll

4.9.10 chlorofluorocarbons (CFCg)

Because of their effect of depleting the ozone layer, CFCs are
scheduled to be phased ocut in the U.S5. and in other industrialized
countries. The impending decline was already evident in 1989, as U.S.
production of all three major CFCs decreased from 1988. Table 4-21
summarizes U.S. production of CFCs from 1979 to 1989.

4.9.11 gvpthetjc Rubber
Synthetic rubber accounted for about 71 rercant of North

American rubber consumption in 1988.!1"¢ Natural rubber, which is all
imported, accounted for the remaining 29 percent. About 50 parcent of
tha demand for synthetic rubber in the U.S. comes from tires and other
rubber products for autcmobiles.!V?

SIC 2822, Synthetic Rubber, employed 10,400 workers in 1987.1%
There is substantial geographic concentration in the category. Texas,
Louisiana, New York, and Ohio accounted for 81 percent of total
employment in 1987.

U.8. production of synthetic rubber in 1988 ~-- 2,335 billion
kilograms -- was the highest level of the decade, but was still
eight percent below the all-time high in 1979.'"" The decline from the
late 19708 is attributable to increased imports of tires and motor
vehicles equipped with foreign-made tires; automobile downsizing;
competition from plastica; and increased use of radial tires, which
use more natural rubber and have longer useful lives than alternative
bias-ply tires. Offsetting these factors somewhat have been the
expansion of the replacement market, reflecting growth in the number
of vehicles on the road, and the increased popularity of
high-performance tires, which have a relatively ahort replacement
cycle. In 1989, production of synthetic rubber in the U.S. fell 1.4
percent to 2.302 billion kilograms.'®

The Commerce Department forecasts real shipments of synthetic
rubber in the U.S. to grow by 2 percent in 1990 and by 1-2 percent per
year through 1993." Growth will be constrained and prices will be kept
down from competition with other materials, such as rubber-plastic
alloys, composite materjals, and general-purpose polymer resins. The
International Institute of Synthetic Rubber Producers eimilarly
projects North American consumption to increase by 1.5 percent per
- year from 1989 to 1953.12
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4.9.12 NMan-Made Pibers

The four major synthetic (noncellulosic) fibers are polyester,
nylon, acrylicse, and pelypropylene (a polyolefin). The primary
sources of demand for all man-made fibers -- including cellulesic
fibers (mainly rayon and acetate), which are not organic -- are floor
coveringe (33 percent of total demand in 1988), apparel (27 percent in
1988), and home textiles (10 percent in 1988).'3

Less than a dozen companies -- all horizontally integrated and
multinational -- account for about 50 percent of U.S. production of
man-made fibers.'’* DuPont is the largest U.S. fiber producer.

Four southern textile states —— South Carolina, Virginia, North
Carolina, and Tennesses -~ accounted for 80 percent of the total
employment of 45,700 in SIC 2824 -- Manmade Organic Fibers, except
Cellulosic -- in 1987.'%

There were widespread capacity reductions in the U.S, man-made
fibers industry in the 1980s, so that by the end of the decadse,
capacity utilization was at an historical high. Polyester is
currently at 90 percent, an all-time high. The overall operating rate
in the man-made fibers industry increased from 69 percent in 1982 to
89 percent in 1988,'%

U.S. production of man-made fibers fell 0.5 percent from 4.146
billion kilograms in 1988 to 4.126 billion kilograms in 1989.'7 From
1984 to 1989, output grew at an average annual rate of 2.3 percent.
From 1979 to 1989, however, output declined by -0.4 percent per year.
The lack of growth in the market can be attributed mainly to an
increase in imports of finished textiles. Imports of apparel, for
example, now satisfy more than 50 percent of domestic demand.'®
Acrylics and polyester, both of which are heavily dependent on
textiles and apparel (Bo'percent of acrylics consumption, 70 percent
of polyster consumption), experienced weak demand in the 19808. 1In -
contrast, there has been strong demand since the mid-1980s for nylon,
almost 75 percent of which goes into carpets. Polyolefins, which are
alsc used primarily in carpets (over 50 percent), have enjoyed the
strongest growth of the noncellulosic fibers. From 1978 to 1988, the
polyolefin fiber market grew by an average of 9 percent per year.'”

' The outlock ie for ceonsumption of noncellulosic fibers to be
flat or slightly down in 1990. In the longer term, nylon and acrylics
should benefit from projected 2-3 percent per year growth in carpets.
Long-term demand for polyester, however, is expected to be flat.™
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4.9.13 Polvethviene
‘After a shortage in 1989 caused by an explosion at a Phillips 66

facility, new polyethylene capacity in 1990 is expected to put
pressure on prices. Worldwide, 12.0 billion kilograms of new
polyethylene capacity ies in the pipeline.'" Exxon predicts that
worldwide polyethylene capacity will increase by 3.8 percent per year
from 27.5 billion kilograms in 1988 to 43.0 billion kilograms in 2000.
Meanwhilae, Exxon believes that North American demand will increase by
only 2.8 percent per year over this period.'™

More than half of all polyethylene is consumed in packnqing.'
Low-density polyethylene (LDPE) growth is slowing, though linear LDPE,
which accounts for about one-third of LDPE production, is forecast to
grow 4-6 percent per year in the next few years. By the middle of the
1990s, linear LDPE ie expected to account for one-half of all LDPE
production.' High-density polyethylene (HDPE), at 7 percent per year,
was one of the fastest-growing plastics segments in the 1980s8. New
applications are expected to drive continued strong growth for HDPE at
6-8 percent per year over the long term.'™

4.9.14 pPelypropviene
Polypropylene was the fastest-growing plastice segment in the

1980s with growth of 9 percent per year.'’ The major applications are
fibers and filaments, primarily for textiles and carpets (26 percent);
and injection moldings for packaging, transportation, and consumer
producte (25 percent).

Polypropylene is the number-one U.S. petrochemical export
product. In 1989, 635 million kilograms of polypropylene were expoerted,
representing about one-fifth of output. U.S. imports of polypropylene
are negligible -- only 24 million kilograms in 1989.

The outlook is for price declines resulting from capacity
additions. Around the world, 29 new plants are due on stream in 1990
(three in the U.S.), presenting the prospect of "severe overcapacity"
in the industry.' Continued strong growth, spurred in part from new
_appiications, will help to absorb some of the new capacity, however.
Exxon forecasts that demand until 2000 will increase by 5.2 percent
per year worldwide and 4.9 percent per year in North America.'” The
increase in production capacity overseas may "cause a major reduction
in U.S. export opportunities,” however.™
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4.9.15 Polvgtvyrene _
The distribution of polystyrene’s major uses is approximately 20

percent for disposable food service ware, 17 percent for other types
of packaging, 14 percent for consumer and institutional products, and
12 percent for electrical/electronic products.'®

Polystyrene faces environmental problems relating to the
difficulty of its disposal, and competition in many applications from
cheaper HDPE, polypropylene, and polyethylene terephthalate (PET). As
a result, demand is only expected to increase by 1-3 percent in 1990.!®
Long-term growth is also likely to be limited. The industry is
currently in a state of excess supply. As a result, hardly ahy
additional capacity is due on strean.

4.9.16 Polvvinyl Chloride {PVC)

Like polystyrenes, PVC faces particular environmental pressures.
In addition, over 60 percent of PVC cutput is consumed in housing and
construction, a depressed market.* Consequently, PVC demand is
forecast to increase by only 1-3 percent in 1990.'% Long-term growth is
projected to be 3 percent per year.'® Along with the sluggish demand,
capacity additions are expected to "further aggravate pricing
pressure.”' In 1989, the industry operated at 85 percent of capacity.'s

4.9.17 pcryvlonitrile-Butadjene Styrene (ABS)

" The primary uses of ABS are automotive producta, appliances,
electronics (business machines, telecommunications equipment}, and
construction. In 1989, U.S. exports declined to 61 million kilograme
from 111 million kilograme in 1988, while imports increased from 21
million kilogrameé to 30 million kilograms. Long-term growth is
projected to be 4 percent per year.'
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CHAPTER 5
BUTADIENE PRODUCTION

5.1 INDUSTRY PROFILE

Butadiene is an unsaturated hydrocarbon that exists in two
isomeric forms, of which 1,3-butadiene is commercially important. A
gas at ordinary temperatures, this clefin readily forms many products.
Most of these products are elastomers and rubbers, including
styrene-butadiene, polybutadiene, chloroprene (neoprene), and nitrile.

5.1.1 Brief Market Introduction
5.1.1.1 Historical Overview

Most synthetic organic chemicals (such as butadiene} are
produced from petroleum-related feedstocke (mainly crude oil and
natural gas). Since these feedstocks typically account for about
two-thirds of production costs, petroleum prices have a significant
effect on market prices of synthetic organic chemicals.! As shown in
Table 5-1, the price of butadiene was closely tied to crude oil prices
in the 1980s. Both butadiene and crude oil prices peaked in the
1981-1982 period. The price of butadiene fell precipitously from 1985
to 1986, in response to similar movement in the price of crude oil.:
Since 1986, the price of butadiene has fluctuated from year to year
with changes in the price of crude oil.

The principal use for butadiene is to make synthetic rubber, a
key input te the tire industry. Consequently, sales of butadiene have
been greatly influenced hy sales of tires and, in turn, motor
vehicles. Butadiene consumption and tire production in the U.S. in
the 1980s are compared in Table 5-2. Butadiene consumption slumped in
1982 due to the recession, as did tire output (and motor vehicle
sales). Butadiene consumption and tire production were both down in
1985 due to sluggish economic growth. Since 1986, both butadiene
consumption and tire output have increased continuously.

5.1.1.2 Recent Developments

The price of butadiene was relatively high in the first half of
1990 =-- ranging from 60 to 65 cents per kilogram ~- due to a temporary
supply shortage. Thies has been alleviated and the price of butadiene
is currently 51 cents per kilogram. The decline in the price of
butadiene is attributable to slow growth in butadiene’s end-use
markets. Early in 1990, the International Institute of Synthetic



TABLE 5-1. AVERAGE U.S. BUTADIENE AND
CRUDE OIL PRICES, 1980-1989

Butadiene Crude 0il*

{¢/kg) ($/bbl)
1989 57b 17.70 (est.)
1988 48 14.76
1987 52 17.76
1986 37 14.82
1985 74 .26.66
- 1984 &5 - 28.53
1983 | &6 28.27
1982 77 31.22
1981 - 75 34.33
1980 60 24.23

'‘Refiner acquisition cost of domestically
produced crude oil,

*End-of-year price.

Sources: Research Triangle Institute,
' "Economic Analysis of Proposed
Hazardous Organics NESHAP Controls,"
1987; U.S. International Trade
CQmmission, 8 etic anic

' emicals, 1984-1988; Chemical
ga;kg;ing Reporter, January 1, 19%0;

U.S5. Department of Commerce,
_International Trade Administration,

U,S. Industrial Qutlook 1990, p. 3-4.



TABLE 5-2. APPARENT CONSUMPTION OF BUTADIENE
AND PRODUCTION OF CAR, TRUCK, AND
BUS TIRES IN THE U.S8., 1980-~1989

Butadiene ‘Tire
Consumption* Production
(10° kg) {10° Units)
1989 1,728 (est.) N.A.
1988 1,731 211.0
1987 1,667 ' 204.1
1986 1,266 . 190.3
1985 1,241 195.9
1984 1,610 209.4
1983 1,425 186.9
1982 1,164 178.5
1981 1,513 181.8

1980 1,472 159.3

‘production plua imports, minus exports.
Because inventory changes are ignored, this is
a simplified estimate of consumption.

Sources: Research Triangle Institute, "Economic
Analysis of Proposed Hazardous Organics
NESHAP Controls," 1987; Mannsville
Chemical Producta Corp., "Chemical

Products Synopsis —— Butadiene,"
January 1990; Chemical and Engineering
News, March 21, 1988 and April 17,
1989. :



Rubber Producers forecast that butadiene consumption in North America
would increase by only 0.7 percent in 19%0.? The decline in the
price of butadiene has occurred despite a eteep rise in the price of
crude oil, brought on by the invasion of Kuwait by Irag. The
divergence of butadiene and crude oil prices in 1890 -- which is an
exception to the close correlation evidenced throughout the 195808 =--
is highlighted in Figure 5-1.

5.1.2 Demand Conditions
5.1.2.1 Uses for Butadiene

Butadiene is an intermediate gocd with a variety of uses. About
70 percent of butadiene is used in the production of synthetic
rubber.? thablg butadiene-based synthétic.rubbers are styrene-
butadiene rubber (SBR), polybutadiene rubber, polychloroprene
(neoprene) rubber, and nitrile rubber. SBER is the most important end
use for butadiene, accounting for over one-third of sales in 1989 (see
Table 5-3). Polybutadiene rubber manufacturing ie the next largest
use of butadiene (23 percent of sales in 1989). About one-eighth of
butadiene production is used for the manufacture of hexamethylene-
diamine, which is a chemical used for making nylon fiber and reein.
Styrene-butadiene latex and acrylonitrile-butadiene-styrene (ABS)
consume 11 percent and 6 percent of butadiene, respectively. These
are synthetic elastomers used in fabricated rubber products.

In terms of final goods, motor vehicle tires account for about
two-thirds of butadiene sales.* Other fabricated rubber products,
fabricated plastic products, and various fibers each consume about 10
percent of butadiene production (RTI, 1987).

5.1.2.2 Exports

Exﬁort demand for butadiene has historically consumed a small
fraction of U.S. production (see Table 5~4). In the 1580s, exports
rose to a peak of 84.8 million kilograms in 1985, representing 8.0
percent of U.S. ocutput. Since 1985, the absclute and relative amounts
of butadiene exported have diminished. '

5.1.2.3 Future Prospects

The demand for synthetic rubber, and in turn butadiene, was
hampered in the 1980s by increased imports of tires and automobiles
equipped with foreign-made tires, the switch to radial tires {which
last longer than bias-ply tires), other performance improvements on
tires, lower speed limits, and automobile downsizing. Some of these
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TABLE 5-3. BUTADIENE USES (BY 1989 CONSUMPTION)

Percent of Total

Consumption
Styrene;butadiene rubber as5%
Polybufadiene rubber | 23%
Adiponitrile/Hexamethylenediamine (HMDA) 12%
Styrene butadiene latex _ 11%
Acrylonitrile-butadiene-styrene (ABS) - 6%
Polychleroprene {neoprene) rubber _ _ 5%
Nitrile rubber A . _ 3%
Other 4%

Source: Chemical & Engineerjng News, June 25, 1990, p. 19.



TABLE 5-4. U.S. EXPORTS OF BUTADIENE, 1980-198%9

Quantity Percent of U.S.

(10" kg) Production®
1989 23.6 (est.) 1.7%
1988 $9.9 © 4.2%
1987 68.0 5.1%
1986 8l1.6 7.1%
1985 84.8 : 8.0%
1954 65.8 5.9%
1983 ._ 43.8 | 4.1%
1982 46.4 5.3%
1981 50.8 3.8%
1980 E8.9 §.6%

"See Table 5-6.

Sources: Research Triangle Institute, "Eccnomic
Analysis of Proposed Hazardous
Organice NESHAP Controls,” 13987;
Manneville Chemical Products Corp.,
"Chemical Products Synopsis -=
Butadiene,” January 1%90; Chemjcal
Marketing Reporter, April 2, 1980, p.
SR 18.



factors are expected to continue to restrict growth in demand for
synthetic rubber. For sxample, new designs ﬁay more than double the
useful life of radial tires to over 100,000 miles.’ Competition

from natural rubber, which is sxpected to be in greater supply because
of overplanting, could also reduce the demand for synthetic rubber.®
ABS, styrene-butadiene latex, and some specialty applications (all
non-elastomers) are expected to ba growth marketws, however. Overall,
in the long term, Standard & Poor‘'s projects butadiene growth to be
flat or up slightly.” 1In 1988, Chepical Marketing Reporter forecast
that butadiene demand would increase by 0.5 percent per year through
1992.* Mannsville Chemical Products Corp., on the other hand, expects
that butadiene demand will decline in the long term.’ They believe
that 1989 may have been the *high water mark"” for U.S. butadiene
congumption. '

§.1.3 supply Conditjops

5.1.3.1 Proguction Procegges

Two different production processes can be used to produce
butadiene: dehydrogenation of butylenes and coproduction with olefins
using steam crackers. Virtually all butadiene in the U.S. is produced
by the latter process, which involves two major production steps. The
olefins process produces unsaturated hydrocarbons (such as ethylene) and
a mixed-C4 stream. Butadiene is then recovered from the mixed-c4
stream. In March 1990, the average butadiene coproduct yield from 100
pounds of ethylene was 7.31 pounds.'™

A variety of feedstocks can be used in the coproduction process,
Ethane, propane, and butane are considered "light" feedstocks. They
vield very little butadiene. The "heavier" feedstocks, such as
~ naphtha, yield up to ten times more butadiene.! It is estimated that
25-30 percent of olefin production capacity is flexible enough to use
either light or heavy feedstocks.? The choice of which feedstock to
use depends usually on relative feedstock costs and the relative
~ Prices of coproducts. Output of butadiene, then, can be highly
variable.

5-1.3.2 pomegtic Producere and Tota) Production

Butadiene has been produced in the United States since the

+ 19408. Presently there are 12 facilities in the U.S5. that produce
butadiene. They are all located in Texas or Louisiana, near the major
sources of feedstocks. A listing of the 12 plants and their finished
production capacities appears in Table 5-5. Texaw Petrochemicals is
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TABLE 5-5.

U.S.

PRODUCERS OF BUTADIENE,

1590

Company

Plant Location

Finished
Capacity
(10° kg/year)

Amoco Chemical

Cain Chemical®

Dow Chemical

Exxon Chemical Americas

Lyondell Petrochemical®
Mobil Chemical

Shell Chemical

Texaco Chemical

Texas Petrochemicals®

Chocclate Bayou, TX
Chocolate Bayou, TX
Corpus Christi, TX
Freepo;t, TX

Baton Rouge, LA
Baytown, TX
Channelview, TX
Beaumont, TX

Deer Park, TX
Norco, LA

Port Neches, TX

Houston, TX

81.6
61.2
99.8
18.1
145.1
131.5

204.1
27.2
113.4
226.8
226.8
262.9.
1,698.5

*subsidiary of Occidental Petroleum Co.

‘Division of Atlantic Richfield Co.

csubsidiary of Texas Olefins Co.

Source: Chemjcalweek, May 2, 1950, p. 14.



the only producer with on-purpose butylene dehydrogenation capacity,
which accounts for about half of its total capacity of 362.9 million
kilograms. This capacity is utilized or idled depending on market
conditions."” All other butadiene in the U.S. is produced as a
coproduct of ethylene production at steam crackers.

U.S. production of butadiene from 1979 to 1989 is shown in Table
5-6. Output has rebounded since 1985, after falling from higher
levels in the late 1%70s and early 1980s. However, from 1988 to 1989,
production declined 2.4 parcent from 1,437 millicn kilogramse to 1,403
millien kilograms. Production in 1989 represented 82.6 percent of
-U.8. capacity. '

§.1.3.3 gcosts of Production

Butadiene product;on is capital-intensive and utilizes only a
small skilled work force. In 1982, approximately 300 people worked at
14 plants produc;ng butadiene; two-thirde were production workers."
On average there were 21 total workers and 14 production workers per
plant.

As in most chemical production, the cost of raw materials
constitutes the majority of the variable costs of butadiene
production. Thus, variable costs are tied to the plant’s choice of
feedstock. The recent surge in petroleum prices has probably
increased the cost of butadiene production (to the extent that
feedstock costs are not contractually locked-in). Generally, an
increase in petroleum prices encourages a switch to lighter
feedstocks, which have a lower butadisne yield. Therefore, higher
petroleum prices can result in upward pressure on the price of
butadiene not only directly by increasing feedatock costs, but also
indirectly by reducing the supply of butadiene (causing the supply
curve to shift up and to the left).

5.1.3.4 Imports

Production of butadiene kept pace with demand for many years.
However, by 1970, demand had increased beyond the domestic industry's
ability to meet it, and as a result, U.S. firms began importing
butadiene, chiefly from European producers. European producers use
heavy naphtha feedstocks and tend to have excess supplies of
butadiene.” In 1970, imports of butadiene were about 52 million
kilograms; by 1980, they had rieen to 261 million kilograms. As shown



TABLE 5-6. U.S. PRODUCTION OF BUTADIENE,

1979-1989

Quantity

(10° kg)
1989 1,403
1988 ' 1,437
19287 1,329
1986 1,155
1985 1,061
1984 1,112
1983 1,067
1982 869
1981 1,354
1980 1,270
1979 1,625
Source: Chemical & Enajneering News,

June 18, 1990, p. 39.



in Table 5~7, imports peaked in 1983 at 401.3 milliecn kilograme {over
one-quarter of the butadiene sold in the United States that year).
Imports plunged in 1985 and 1986, but rebounded in 1587. The decrease
in imports in 1985 was largely due tc the nearly proportionate drop in
consumption that year (see Table 5-2). The decline in imports in 1986
can be attributed to low crude ojil prices, which caused domestic
producers to crack heavy gas oils, yielding increased volumes of
butadiene (note the increase in U.S. production in Table 5-6). In
1989, imports were 348.3 million kilograms, representing 20.2 percent
of U.S. consumption. Imports from Europe in 1989 amounted to about
200 million kilograms of specific butadiene and 105 million kilegrams
of recoverable butadiene in crude C4 compounds.®

5.1.3.5 Future Prospecte

Thus far, the price of butadiene has not respended to the Burge
in the price of crude oil beginning in August 19%0. Perhaps this is
because feedstock prices have been contractually fixed. Eventually,
however, the price of butadiene is likely to rise. This ﬁould result
both from an increase in feedstock costs and a reduction in butadiene
output as producers switch to lighter feedstocks with lower butadiene
yields. _

Two debottlenecking projects will increase U.S. production
capacity for butadiene in 1991.Y - Texas Petrochemicals will be adding
500 million pounds (226.8 million kilograms) of capacity at its
Houston facility, while Texaco will be adding 150 million pounds ({68.0
million kilograms) in Port Neches, Texas. Significant new ethylene
capacity is also due on stream in 1991, but this will have little
impact on butadiene production because ethane will be the feedstock.
Despite the new capacity, U.S. production of bﬁtadiene is still
projected to fall 280 million kilograms short of annual demand in
1993." Europe will have an ample surplus, however, to make up for
this deficit."

5.1.4 Future Market Prospects -

The U.S. butadiene market, with its dependence on synthetic
rubber, is mature. In the long term, demand is expected to grow very
slowly or perhaps even decline. The U.S. relies greatly on imports to
meet its supply needs (20.2 percent of consumption in 1989). With 295
million kilograms of new capacity due on stream in the U.S. in 1981,
this dependence on imports may be lessened. Still, in 1993, it is
- projected that U.S. production will fall 280 million kilograms short
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TABLE 5-7. U.S. IMPORTS OF BUTADIENE, 1%80-138%

Quantity Percent of U.S.

{10° kg) Consumption®
1989 348.2 (est.) 20.2%
1988 | 353.3 20.4%
1987 373.3 22.4%
1986 ' 193.2 15.3%
1985 264.9 21.3%
1984 396.0 _ 24.6%
1983 = 401.3 . 28.2%
1982 341.7 | 29.4%
1981 209.6 13.9%
1980 261.1 17.7%

*see Table 5-2.

Sources: Research Triangle Institute, "Economic
Analysis of Proposed Hazardous Organics
NESHAP Controls," 1987; Mannsville
Chemical Products Corp., "Chemical
Products Synopsis -- Butadiene,"
January 1990; chemjcal Marketing
Reporter, April 2, 1990, p. SR 18.



of demand. Excess supplies in Europe will-ba able to make up the
shortfall, however.

The price of butadiene, currently at 23 cents per pound (50.7
cents per kilogram), has not yet responded to the recent increase in
crude oil prices. Normally, an increase in crude oil prices causes
the price of butadiene to increase. This presents the possibility
that the price of butadiene will rise in the naar.futura. Upward
price pressure may be alleviéted, however, by the new capacity due on
stream in the U.S. in 1991.

5.2 ECONOMIC IMPACT ANALYSIS

5.2.1 Hon Compliance Costs

A gyncpsis of annualized cumulative control costs and summary
gtatistics for butadiene production facilities, and control costs by
process, is presented in Table 5-8. Costs are displayed for option one,
which is an estimate of the actual control cost that a facility will
incur. Figure 5-2 illustrates control costs graphically. Eleven
facilities are displayed. :

Butadiene is currently produced by two processea: as a
coproduct in the mﬁnufacture of ethylene (process A), and by
dehydrogenation of €4 compounds {(process B). Process B is referred to
as on-purpose production of butadiene, because plants using process B
are dedicated to butadiene production, as opposed to producing
butadiene as a coproduct of ethylene. Since it is more profitable to
produce butadiene as a coproduct of ethylene, on-purpose butadiene
production has been phased out over the last decade. Only Facility 1
currently utilizes process B, but, as of this writing, the plant is
idle.

'5.2.2 pPricing

Butadiene prices are determined by a combination of feedstock
costs, end-use demand, and competition for capacity from other
chemical preducticn. The average realized price in 1989 was 43 cents
per kilogram. Prices in 1990 were uniformly higher, peaking at 64
cents per kilogram. Thie was due to supply shcrtag;s caused by plant
outages,l;s'well as increasing feedstock costs. The most recent spot
price available at the time of this writing ie 35 cents per kilogram, a
significant decline due to lower feedstock costs and capacity
expansion. Prices could go lower still in tandem with feadstock ceoats
and sluggish end-use demand. Since this analysis uses the 1989 price
©of 43 cents per kilogram, impacts could be understated.

5-14



TABLE 5-8. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND SUMMARY
STATISTICS FOR BUTADIENE PRODUCTION FACILITIES AND
BUTADIENE PRODUCTION PROCESSES

W

Annual Production Option One Control
Facility ' {10° kg) {S/kg)
Py : 279.5 $.0010
2A 174.8 $.0035
an 209.4 $.0036
4A 174.8 §.0036
SA 122.4 $.0035
6A 87.4 $.0038
7A 87.4 $.0038
8a 77.0 $.0040
9A 70.1 $.0041
loa 27.7 $.0042
i1A 45.4 $.0044
Con Cos
Procegs
Process 2 (coproduct of 1,076.5 $.0037
ethylene)
Process B 279.5 $.0010
(dehydrogenation of C4
compounds)
umma ti
Mean ' _ $.0036
Production ' §.0032

-Weighted Average
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5.2.3 Blastjcities

_ Demand elasticities for butadiene will be estimated on the basis
of available substitutes for butadiene as well as substitutes for end-
users. The potential for import substitution is also examined.

5.2.3.1 Demand Elastjcjities
5.2.3.1.1 Synthetic Rubbers

Synthetic rubbers account for over 80 percent of U.S. butadiene
consumption. Synthetic rubbers fall into two categories:
general-purpose rubbera, the bulk of which are used in tire
manufacture, and specialfy rubbers, which have a wide variety of end
uses. Butadiene is an essential element in the manufacture of these
products, making up between 20 percent and-so percent of each
compound. It is therefore necessary to examine the potential
substitutes for synthetic rubbers.

Because of their cost advantage and low temperature buildup
during use, general—purpdse synthetic rubbers have extracted notable
market share from natural rubbers for commercial use, especially for
automobile tires, since their inception in the early 1940s. Also,
natural rubbers cannct be used in applications where there is contact
with naphtha because the solvent swells the rubber. When these
performance characteristics are important, synthetic rubber is the
material of choice.

Still, natural rubbers have not been replaced for many uses.
For example, natural rubber performs better than synthetics for use in
large, heavy duty truck and bus tires. In addition, natural rubbers
are blended with synthetic rubbers (most notably styrene-butadiene
rubber and polybutadiene rubber), for use in automobile tire
manufacturing. The recent shift from bias to radial tires has led to
an increase in natural rubber use, since natural rubber has a higher
degree of cohesive bonding than synthetic rubbers in the manufacture
of radial tires. Based on the potential for substitution in some
cases, butadiene demand for use in general purpose rubbers is deemed
to be slightly inelastic. _

Specialty rubbers are less apt to be substituted for. Nitrile
rubbers and polychloroprene rubber are useful for their
fire-retardant, solvent-resistent, and high-temperature stability
properties. These rubbers are used in such applications as gaskets,
cil and gas hoses, and solvent-resistent electrical insulation.
Natural rubber, unless modified, is not suitable for these purposes,
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which account for 27 percent of butadiene demand. Here, butadiene
demand is considered moderately to highly inelastic.

' Styrene-butadiene latex (SBL) is the remaining end use for
"butadiene. SBL is used in the manufacture of foam rubber, adhesives,
fabric treatihg, and paints. A variety of output substitutes exist
for these butadiene uses, but the flexibility of styrene butadiene
compounds is very attractive to manufacturers. Specifically,
modifying the amount of styrene allows the production of a myriad of
final goods. Butadiene demand in this sector is estimated to be
8lightly to moderately inelastic.

5.2.3.2 Imports
Imports, which have played a significant role in the butadiene

market since 1970, could well be diminishing in importance. This is
due to increases in U.S. capacity and projections of slow growth in
butadiene demand. Névertheless, butadiene is a bulk-commodity
chemical with a standardized production process easily assimilated
throughout the world. With imports still at 20 percent of U.S.
consumption, and capacity increases in Europe and the Far East, the
ability to recover compliance costs through price increases are, to
some extent, hindered by potential losses in market share to imported
butadiene.

5.2.3.3 Elasticity Estimate

The demand elasticity varies somewhat from sector to sector, but
doesn‘t appear to extend into the elastic range. Given the importance
of natural rubber substitutes and imports, demand elasticity for
butadiene is estimated to be in the slightly inelastic range of -.67 to
=1.00.

5.2.4 Market Structure

Table 5-9 summarizes the parameters for the market structure of
butadiene. Nine firms are currently producing butadiene. The four-firm
concentration ratio is 71.0 percent, signifying substantial market
power, The HHI is 1,562.3, which falls moderate range of market power.
Captive consumption is 3 percent, indicating a slight level of vertical

integration. On average, 5 chemical compounds are produced at butadiene
sites, suggesting a substantial level of horizontal integration.

Imports in the industry are important, serving to undermine pricing
discretion of domestic producers. In summary, the butadiene market is
moderately cligopolistic, and firms will likely absorb a portion of HON
compliance costs.
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S.2.5 Impactg on Price, Output, Total Revenue, and Employment

Impacts on price, output, total revenue, and employment in the
butadiene industry, option one control costs are presented in Table
5-10.

5.2.5.1  Option One Control Costs

Option one control costs represent the actual estimated control
cost that an industry will incur. The weighted average percentage
price increase of 0.74 percent leads to a price increase of $.0032 per’
kilogram. For the two elasticity levels of -.67 and -1.00, the output
reduction is 6.6 million kilograms (.49%) and 9.9 million kilograms
(0.73%), respectively.

Facility 10A, which is the smallest plant in the industry,
accounts for 27.7 million kilograms of industry production. If this
plant absorbe the entire decline in output, it would lose from 24 to 36
percent of its production, which could lead to closure of one facility
of this size. The loss in employment is estimated to be from 8 to 12
employees. ,

5.2.6 conclusion
Control costs at the facility level range from §.0010 per kilogram

to §.0044 per kilogram, with 10 of 11 facilities incurring costs greater
than $.0035. Thus, the production-weighted price increase is probably
an accurate estimate of the actual price increase.  Butadiene is a
commercially important chemical produced in large volumes —-— ranked 22nd
in U.s.'organic chemical production. It is produced globally, with
technology readily available on the international market. The end uses
for butadiene are mature, and significant new specialty uses are not on
the horizen. Hence, esubstantial price increasea could be of detriment
to the U.S. butadiene market. Kowever, if the highest cost plant is the
marginal plant, the maximum price increase will be $.0044 per kilogram.
The maximum impact in the industry would be the poseible closure of

one plant. '
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TABLE 5-10. IMPACTS ON PRICE, OUTPUT, TOTARL REVENUE AND
EMPLOYMENT IN THE BUTADIENE INDUSTRY'
OPTION ONE CONTROL COSTS

Elasticity

=0.67 -1.00
%2 Price {(%/kg) 0.74% " 0.74%
s Price (§/kg} $.0032 $.0032
%4 Output (%/kg) (0.49%) {0.73%)
a Output (10% kg) (6.6} ©{9.9)
%2 Total Revenue 0.24% 0.00%
A Total Revenue (10° §) $1.4 $0.00
4 Employment o (8) ' (12)

(# of Employees)

Based on Productlon Weighted Average Cost
DEFINITIONS: '

= = Change In

Market Price = §0.43/kg

1995 Output = 1,356 x 10° kg (based on 1989 production at 0%
annual compound growth}

1955 Total Revenue = $583,067,100.00 (market price x 1595 output)

1995 Employment = 1,589
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CHAPTER 6

STYRENE-BUTADIENE RUEBER PRODUCTION

6.1 INDUSTRY PROFILE

Styrene-butadiene rubber (SBR) is a synthetic rubber made by the
polymerization of styrene and butadiene.* Approximately two-thirds of
all SBR is used in tires and tire products.! As a result, market
conditions for SBR are closely related to the automobile industry. A
decline in the U.S. automobile tire market led to several major
shutdowns of SBR plants in the first half of the 1980s. From 1981 to
1984, Phillips Petroleum, Firestone, and American Synthetic Rubber all
shut down facilitles with a combined annual capacity of 380 thousand
metric tons.? The main survivors of these shutdowns were tire
manufacturers who produce SBR for captive use.’? '

6.1.1 Brief Market Introduction
6.1.1.1 Historjcal Overyiew
SBR had the largest share —-- 37 percent -- of the synthetic

rubber market in the U.S. in 1983%.* SBR’s share has been dwindling
since 1976, however. In the North American market, SBER had a 54
percent share in 1976 and a 45 percent share in 1984.° Smaller-volums
specialty rubbers have gained the lost ground.’

Experts have labeled the SBR industry as cyclical, noting peaks
and valleys every 3 to 4 years.® Overall, though,.SBR exparienced a

*The group of compounds collectively referred to as styrene-butadiene
copolymers are diverse in nature. As discussed later, styrene- ’
butadiene can be in one of two forms at the end of the production
process: dry (solid) or latex. 1In addition, the styrene content,
which helps determine the characteristics of the final product,
can range from 5 to over 70 percent.’ The styrene content also
determines the classification of a copolymer as either a synthetic
rubber or plastic. Copelymers which contain 50 percent or more
gtyrene are generally considered to be plastice, but there is no
strict industry-wide definition. The percentage varles not only
between the two forms of styrene-butadiene (dry and latex) but alsc
among producers and data sources. Therefore, there are occasional
discrepancies in the data on the styrene-butadiene industry, as well
as pogsible double-counting. This profile focuses on dry SBR (SBR
elastomer) with a styrene content of 50 percent or less (i.e., not
a plastic), which will be referred to simply as SBR.



general decline from 1974 to 1985, and has rebounded aomewhat since
1985. PFrom 1974 to 1985, SBR production in the U.S. declined at an
average annual rate of 6 percent.’ The main reasons for the decline
were 1) increased imports of tires and automobiles equipped with
foreign-made tires; 2) downsizing of automobiles and, in turn, their
tires; 3) the increased use of radial tires, which are not only
longer-lasting than bias-ply tires, but also have less SBR content
(85% on average for bias-ply tires, 61% for radiale); and 4) as
mentioned, the switch to specialty rubbers."

. Prom a low of 735 million kilograms in 1985, U.S. production
was up 19 percent to 874 million kilograme in 1989, Much of the
production growth since 1985 is attributable to increased sxports,
however. SBR consumption in the U.S. hasn’'t enjoyed the pame
resurgence since the mid-1980s as production. This is demonstrated in
Table 6-1. Consumption of SBR in the U.S. fell almost continuously
from 1980 to 1986. Since 1986, the demand for SBR hap been stagnant.
Table 6-1 also shows that average yearly SBR prices were fairly
congtant in the 1980s. :

6.1.1.2 Recent Developments
U.5. production of SBR fell from 909 million kilograms in

1988 to 874 million kilograms in 1989, This can be traced to a
stagnant domestic tire market. U.S. shipments of passenger car,
truck, and bus tires declined s8lightly from 264.7 million unite in
1988 to 263.9 million units in 198%."

$BR prices increased by about 2¢ per kilogram in November
1989, and were scheduled for a aimilar increase in late Pabruarj/enrly
March 1990. The price hikes were necessary to recover an approximate
4.5¢/kg cumulative increase since the summer of 1989 in the price of
butadiene, the chief input to SBR. The price hikes were expected to
restore SER profit margins of a year earlier.?

6.1.2 Demand conditions
6.1.2.1 Ugee for Stvrene-Butadiene Rubber

As mentioned, about two~thirds of all SBR is consumed in tire
and tire products. Mechanical and industrial applications, such as
hoging and belts, are the second most important use of 8BR, comprising
i8 percent of demand in 1988." Automotive industrial applications
make up about 9 percent of demand. Therefore, over three-quarters of
total demand is related to the automotive industry. SBR has been



TABLE 6-1. AVERAGE REALIZED PRICE AND
APPARENRT CONSUMPTION OF STYRENE-BUTADIENE

RUBBER IN THE U.5., 1980-1989

Apparent
Price Consumption
($/%g) (10° kg)
1989 1.15 793.1
1988 1.17 778.1
1987 1.02 770.8
1986 0.90 771.2
1985 0.84 838.4
1984 1.01 921.3
1983 0.92 887.0
1982 0.99 ' 907.4
1981 1.06 1,014.6
1980 N.A. 1,006.2

Sources: Research Triangle Institute,

"Economic Analysis of Proposed
Hazardous Organics NESHAP
Controls,™ 1%87; U.S8.
International Trade Commimsion,

Synthetlc Organic Chemicals,
1984-1989; Rubber World, May
1990, p. 6; Rubber World, April
1988, p. 11. :



losing ground to nitrile rubber, ethylene-propylene rubber (EP), and
ethylene-prepylene diens monomer rubber (EDPM) in automotive
under-the-hood and wire and cable applications.'

6.1.2.2 Exports

_ U.S. export activity for SBR from 1980 to 1989 ls summarized in
Table 6-2. Exports were more or lese flat through 1986. From 1986 to
1987, however, exports increased by 54 percent. This is prbbnbly
attributable to the decline in the value of the dollar. Exports
remained at high levels in 1988 and 1989. Since 1987, exports have
accounted for just over 20 percent of U.B. output. The leading
markets for U.S. exports of SBER in 1989 were, in order, Canada, Japan,
France, and Venezuela.! Combined, these four countries accounted for
61.7 percent of U.8. exports.

6.1.2.3 Future Prospects

The demand for SBR in the U.S. is projected to grow very salowly
in the next few years. S5tandard & Poor’s, citing "industry
participants,” predicts that growth will be "flat to very modest" over
the next several years. This may be optimistic, though, because it
‘is predicated on "a steady domeutic.automobile market."” 1In 1988,
Chemical Marketing Reporter forecast that domestic and export demand
for SER would grow by only 0.1 percent per year from 1988 to 1992.7
The main reason for the projected slow gfowth is that the U.8. tire
market ie expected to grow slowly. The Commerce Department forecasts
that the U.S. tire market will grow no faster than 2 percent per year
over the next 3 tc § years." Moreover, synthetic rubbere are being
raplaced in the manufacture of tires by rubber/plastic alloys,
compoeite materials, and general-purpose polymer resins.'” Finally,
specialty rubbere are expected to continue to replace SBR in non-tire
applications.”®

6.1.3 Sypplv Conditions

6.1.3.1 Productjon Processes .

EBR can be produced by two methods: the emulsion process or the
solution process. The difference in the two methods is the agent in
which the polymerization occurs. The monomer is dispersed in water in
the emulsion process and dissolved in a solvent in the toluﬁion
process. Both processes involve washing the butadiene and styrene



TABLE 6-2. U.S. EXPORTS OF STYRENE-BUTADIENE
RUBBER, 1980-1989

Quantity Percent of U.S.

(10° kg) Production®
1989 175.7 20.1%
1888 189.1 1 20.8%
1987 172.1 20.2%
1986 111.7 14.1%
1985 82.5 11.2%
1984 103.6 | 10.8%
1983 8s5.4 9.4%
1982 86.4 9.9%
1981 110.6 10.7%
1980 145.5 13.5%

'See Table 6~4.

Sources: Research Triangle Instituts,
"Economic Analysis of Proposed
Hazardous Organics NESHAP Controls,”
1587; Rubber World, May 1990, p. 6;
Rubber World, April 1988, p. 11.



menomera and feeding them into polymerization reactors. There the
monomers are transformed by the introduction of various catalysts,
activators, and emulsifiers. At a specified time, the polymer
emulsion (latex) and the unreacted monomer are removed and the monomer
is recycled. The emulsion can then take one of two forms. It is
either blended into a homogeneous emulsion (latex) or coagulated and
dried to form solid (dry) SBR.

SBR is not a homogeneous product; there are at least 30
different types of SER on the market. The reason for the variations
is the need for certain properties of the rubber for the various end
uses of SBR. The differentiations are achieved in the production
process by varying the relative quantities of styrene and butadiene
that are fed into the polymerization reactors.

6.1.3.2 Domestic Producerg and Total Production .

As of January 1, 1989, there were & plants that produce esclid
SBR in the United States. The plants are all located in Texas or
Louipiana. A listing of the plants and their production capacities
appears in Table 6-3. Industry capacity is little-changed from 1984.
No facilities have shut down, and the only new facility is Goodyear's
in Beaumont, Texas, which has an annual capacity of only 20 million
kilograms.

U.5. production of SBR from 1979 to 1989 is shown in Table 6-4.
Until 1985, there was a downward trend. Since 1985, however,
production has picked up, in part due to the increase in exports (see
Table 6-2). The recent surge in production was halted in 1989, when
ocutput fell 3.9 percent from 1988.

6.1.3.3 gosts of Production

On average, SER is 76.5 percent butadiene and 23.5 percent
styrene.? As of November 2, 1990, the price of butadiene was 23
cente per pound (50.7 cents per kilogram) and styrene was 50 cents per
pound ($51.10 per kilogram). The average materials cost for SBR is
therefore 64.6 cents per kilogram. The cost to manufacture SER is
estimated to be 22 cents per kilogr#m.”' Therefore, raw materials
currently account for 75 percent of the cost of SBR.

At the beginning of 1990, butadiene was 26 cents per pound (57.3
cents per kilogram) and styrene was 36.5 cents per pound (80.5 centa
per kilegram). Therefore, at the beginning of 1990, the average



TABLE 6-3. U.S. PRODUCERS OF STYRENE-BUTADIENE

RUBBER, JANUARY 1, 1989

Pinished
Process cS?acity
Company Plant Location Type (10° kg/yr)
Ameripol Synpol Co.* Port Neches, TX Emulsion 336
Copolymer Rubber & Baton Rouge, LA Emulaion 125
Chemical Corp.

Firestone Lake Charles, LA Solution 120
General Tire® Odessa, TX Emulsion 90
Goodyear Beaument, TX Solution 20°
Houston, TX Emulsion 30%
996

‘Subsidiary of Uniroyal Goodrich Tire Co.
*owned by Continental AG (Germany).

‘For captive use.

Source: SRI International, "198% Directory of Chemical Producers.”



TABLE 6~4. U.S. PRODUCTION OF
STYRENE-BUTADIENE RUBBER, 1979-1989

Quantity
{10° kg)
1989 874
1988 ' 909
1987 850
1986 - _ 792
1985 738
1984 958
1983 ' 904
1982 - 876
1981 1,032
1980 1,074
1979 1,378
Source: Chemical & Engineering News,

June 18, 1990, p. 41.



materials cost for SBR was 62.7 cents per kilogram. It is seen, then,
that the materials cost of SBR increased by about 2 cents per kilogram
in the first ten months of 19%0.

6.1.3.4 Imports
Imports of SBR increased fairly steadily in the 19808, as

demonstrated in Table 6-5. Imports represented 13.7 percent of U.S.
consumption in 1989, compared to 4.1 percent in 1980. Despite the
rising level of imports, the U.S. was a net exporter of SBR in every
year in the 1580s except 1985 (compare Table 6-5 with Table 6-2).

The price increase that was schaduled for late February/early
March 1990 was expected to "invite more reliance on imports from
Mexico and the Netherlands."? oOther major sources of imports to the
U.S. include Japan and Argentina.? Freight from Japan to the West
Coast of the U.S. is estimated to cost B cents per pound (17.6 cents
per kilogram), while freight from Eurcpe to the East Coast is
estimated to cost 6 to 6.5 cents per pound (13.2 - 14.3 cents per
kilogram}.®

6.1.3.5 Future Zrospects
The decline in preoduction of SBR from 1988 to 1989 may have

signaled an end to the resurgence of the industry since 1985. Demand
is currently stagnant and is projected to grow at a very slow rate
over the next few years. U.S. producers may continue to be dependent
on strong export demand to increase, and maybe even maintain, their
level of output.

6.1.4 Future Market Progpacts

With the recent surge in crude oil prices, there may be upward
pressure on the price of butadiene. Because butadiene is the chief
conetituent of SBR, it follows that SBR prices may increase in the
near future. This would result in a reduction in the guantity
demanded. Already, SBR demand is sluggish. Apparent consumption of
SBR has been stagnant, and was at a lower level in 1989 than at the
beginning of the 1980a. SBR faces competition from alternative
rubbers like nitrile, ED, and EPDM. New materials like rubber/plastic
alloys, composites, and general-purpose polymer resins are making
inrocads on synthetic rubbers in the manufacture of tires. FPFurther,



TABLE 6-5. U.S. IMPORTS OF STYRENE-BUTADIENE
RUBBER, 1980-1989

Quantity Percent of U.S.

(10° kqg) Consunmption®
1989 . 109.0 13.7%
1988 91.5 11.8%
1987 83.3 10.8%
1986 95.8 12.4%
1985 95.5 11.4%
1984 71.6 7.8%
1983 | 63.2 ' 7.1%
1982 5.8 6.0%
1981 51.3 5.1%
1980 41.2 4.1%

"Ses Table 6-1.

Sources: Research Triangle Institute,
"Economic Analysis of Proposed
Hazardous Organics NESHAP Controls,"
1987; Rubber World, May 19%0, p. 6;
Rubber World, April 1988, p. 1ll.
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natural rubber, SBR's chief competitor, is expected to be available in
greater supply due to overplanting.® Although thes U.S. is a net
exporter of SBR, there is stil] a substantial reliance on imports,
which accounted for 13.7 percent of consumption in 1989. All of this
suggests that U.S5. production of SBR will grow very slowly in the next
several years.

6.2 ECONOMIC IMPACT ANALYSIS

6.2.1 HON Compliance Cogtg

A synopsis of annualized cumulative control costs and summary
statistices for styrsne-butadiene rubber production facilities is
presanted in Table 6~6. Costs are presented for option one controls.
Option one controls are estimates of the actual costs that facilities
are likely to incur. PFigure 6-1 illustrates control costs graphically.
Five facilities are displayed. ‘

Styrene~butadiene rubber is currently produced from styrene and
butadiene. Since this is the only commercial process, no analysis of
separate process costs 1s necessary.

6.2.2 prjcing _
SBR prices are determined by a combination of feedstock costs

and end-use demand. Styrene and butadiene are the principal inputs in
SBR, with approximately a 25 to 75 ratio. 1In turn, benzene is the
feedstock of styrene, and ethylene streams make up the bulk of
butadiene inpute. Projected to increase by 5.6 percent annually,
benzene demand could put upward pressure on styrene-butadiene rubber
prices through styrene pass-throughs. It should be noted that benzene
pPrices themselves are dependent on a variety of exogencus factors and
have been volatile. On the other hand, ethylene fesdstock has been
dropping in price sharply, due to capacity expansions. Average
realized prices for SBR in 1989 were $1.15 per kilogram. Continued
slow growth in the U.S. tire market, projected even if the general
economy hegins to expand, will constrain prices. Demand is projected
to grow .1 percent annually through 1992. Growth beyond 1992 will
continue to be lethargic, as styrene-butadiene rubber producers lose
market share to a variety of competitors. If prices drop, as they
might, HON impacts will be understated.

6~11



TABLE 6-6.

CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND

SUMMARY STATISTICS FOR STYRENE-BUTADIENE RUBBER

PRODUCTION FACILITIES

Annual Production Option One Controls

Facility/Process (10° %g) ($/kg)
1A 106.3 ' $0.0028
2a 259.3 0.0030
3 76.5 0.0030
aa 285.6 0.0035
. 5a 102.0 0.0038
Summary Statisticg
Mean $0.0032
Production Weighted ' §0.0033
Average

6-12
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6€.2.3 Elasticities
Demand elasticities for etyrene-butadiene rubber will be

@stimated on the basis of available substitutes for styrene-butadiene
rubber, as well as substitutes for end-users. The potential for import
_substitution is also examined.

6.2.3.1 Demand Elasticities

6.2.3.1.1 General-Purpose Rubbers
About two thirds of all SBR is consumed in tire and tire

products. Congidered a general-purpose rubber, SBR accounts for about
37 percent of all synthetic rubbers. Because of their cost advantage
and low temperature buildup during use, genaral-purpose synthetic
rubbers have extracted notable market share from natural rubbers for
commercial use, especially for automobile tires, eince their inception
in the early 1940s. Also, natural rubbers cannot be usad in
applications where there is contact with naphtha because the solvent
swells the material. When these performance characteristics are
important, synthetic rubber is the material of choice. .

Still, natural rubbers have not been replaced for many uses, and
in 1989 made up 30 percent of U.S. consumption. For example, natural
rubber performs better than synthetics for use in large, heavy-duty
truck and bus tires., 1In addition, natural rubbers are blended with
SBR for use in automobile tire manufacturing. The recent shift from
bias to radial tiree has led to an ;ncrenle in natural rubber use,
gince natural rubber has a higher degree of cohesive bonding than
synthetic rubbers in the manufacture of radial tires. Moreover,
several synthetic materials are emerging as feapible substitutes for
SBR, inecluding nitrile, ED, and EDPM rubbers; rubber/plastic alloys
and composites; and general-purpose polymer resins. Based on the
potential for substitution, styrene-butadiene rubber demand for use in
general purpose rubbers is considered to be slightly inelastic.

6.2.3.2 Imports _
Imports in the styrene-butadiene rubber market are important,

accounting for 13.7 percent of 1989 U.S. consumption. Exports are
congsiderably larger, making up 20.1 percent of U.S8. production in
1989, The presence of such an abundance of styrene-butadiene rubber
traded on the international market suggests that SBR producers should
be sensitive to the prospects for import substitution.



6.2.3.3 Elagticity Egtimate
The demand elasticity SBR is estimated to be in the slightly

inelastic range of -.67 to -1,

6.2.4 Market Structure
Table 6-7 summarizes the parameters for the market structure of

SBR. Five firms are currently producing SBR. The four-firm
concentration ratio is 91 percent, ranked ninth of the 20 chemicals
analyzed, signifying substantial market power. The HHI is 2,587.1, well
above the highly significant level of 1,800. Imports in this industry
are very important, serving to undermine pricing discretion for domestic
producers. 1In summary, the SBR industry is moderately to highly
oligopolistic, and producers will likely absorb a portion of HON
compliance costs.

6.2.5 Impacts on Prjce, Output, Total Revenue, and Employment

Impacts on price, output, total revenue, and employment in the
Butadiene industry for option one controls are presented in Table 6-8.

6.2.5.1 Option Qne Gontrol Cogtg

Option one control costs (TIC} are estimates of the actﬁal control
cost that an industry will incur. The weighted average percentage price
increase of .28 percent leads to a price increase of $.0033 per
kilogram. For the two elasticity levels of -.67 and - 1.00, the
output reduction is 1.6 million kilograms (.19%) and 2.4 million
kilograms (.28%), respectively.

_ The smallest plant in the industry is Facility 3A, which
accounts for 76.5 million kilograms of industry production. If this
plant absorbs the entire decline in output, it would lose from 2 to 3
percent of its production, which probably won’t lead to closure. ~The
highest cost plant accounts for 102 million kilograms of industry
output. If faced with the same price increase, its output reduction
would be even smaller. The decline in employment is five to seven
employees. While imports are important, this small price
increase is unlikely to spur import substitution.

6.2.6 Conclusjon
Styrene-butadiene rubber is a slow growth chemical tied to a

lethargic tire industry. The impact of HON controls might help to
reinforce the slowing of this ebbing industry, but very imperceptibly.
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TABLE 6-8B. IMPACTS ON PRICE, OUTPUT, TOTAL
REVENUE AND EMPLOYMENT IN THE STYRENE-BUTADIENE

RUBBER INDUSTRY!

-0.67 -1.00
%2 Price (%/kg) 0.28% 0.28%
a Price ($/kg) $.0033 $.0033
%a Output ({%/kg) (0.19%) (0.28%)
a Output (10° kg) (1.6) (2.4)
%a Total Revenue 0.09% 0.00%
A Total Revenue (10° §) $0.90 $0.00
4 Employment (5) (7)

{# of Employees)

'Based on Production Weighted Average Cost

DEFINITIONS:
4 = Change In

Market Price = $§1.15/kg

1995 Output = 834.6 x 10° kg (based on 1989 productien
at .1% annual compound

growth)

1995 Total Revenue = $959,778,569.70 (market price x

1995 output)
1995 Employment = 2,615



The range of cost increases between facilities is §.0038 per kilogram to
$.0028 per kilogram. The cost differential is small, so the
producticn-waeighted average is probably an accurate measure of the
actual price increase. Closure is highly unlikely, and the loas in
employment is small. Impacts are negligible in the SBR industry.
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CHAPTER 7
POLYBUTADIENE PRODUCTION

7.1 IRDUSTRY PROFILE

7-1.1 Brief Market Intyreductjon

7.1.1.1 Hieteorical Overview
Polybutadiene is a synthetic rubber made from the polymerization

of butadiene. Since 79 percent of all polybutadiene in the U.S. is
consumed in tires and tire products, the industry is closely tied to
the automobile industry.' After SBR, polybutadiene is the
second-largest synthetic rubber, with 17 percent of the U.S. market.?
Average realized prices and apparent consumption of polybutadiene from
1580 to 1989 are shown in Table 7-1. Prices have declined a little
from 1984-1985, while consumption seems to have had cyclical peaks in
1984 and 1988. 1In 1989, for the first time since 1980, the U.S. was a
net exporter of polybutadiene.

7.1.1.2 Recent Developments

From March 1989 to Saptember 1990, there was no'change in any
polybutadiene list prices (e.g., Stereon 840A).' However, it is
suspected that discounting off of list is common, and therefore list
prices are not very meaningful. 1In 1988, for example, prices were
described as being "significantly below list."* Consequently, the
recent course of polybutadiene prices is not known.

U.S. demand for polybutadiene in 1989 was down 7.7 percent from
1988. Production increased by 1.0 percent, however, thanks to a 22.8
percent increase in exports.

7-1.2 Demand Condjtions
7.1.2.1 QUgeg for Polvbutadiene

The main use of polybutadiene is in the manufacture of tires,
which makes up 79 percent of sales. The other major end use,
representing 17 percent of sales, is high-impact resin modifiers,
primarily polystyrene. Industrial products such as hosing, belts,
seals, and gaskets account for the remaining four percent of ‘
consumption.

Although it is also commercially important as an end product,
the bulk of polybutadiene iz blended with natural rubber or copolymers
such as SBR and acrylonitri1e-butadiene—styrene (ABS).® For use in
tire treads, for example, it is blended with natural rubber or SBR.

7=-1



TABLE 7-1. AVERAGE REALIZED PRICE AND APPARENT
CONSUMPTION OF POLYBUTADIENE IN THE U.S., 1980-1989

Apparent
Price Consumption
{($/kg) (10* kg)
198% 1.04 374.8
1988 1.09 406.1
1987 0.99 394.4
1986 i.o8 366.8
_ 1985 1.23 374.2
1984 1.21 411.6
1983 N.A. . 355.5
1982 N.A. 314.8
1981 N.A. 346.3
1980 N.A. 325.8
Research Triangle Institute, "Economic

Sources:

Analyeis of Proposed Hazardous Organices
NESHAP Controls," 1987; U.S. Internaticnal

Trade Commission, Synthetic Organic
Chemicglg, 1984-1989; Rubber World,

May 1990, p. 6; Rubber World, April 1988,
p. 11,



7.1.2.2 Exports
Table 7-2 shows U.S. exports of polybutadiene from 1980 to 1989.

From 1986 to 1987, exports more than doubled, probably due to the
decline in the value of the dollar. Since 1987, exports have
remained at high levels. 1In 1989, exports accounted for 20 percent of
U.S. production, the highest level of the decade. In 1989, 5B.7
percent of U.S. exports went to Canada, France, and Belgium.®

7.1.3.2 Future PrOSDRcLE
Like SBR, the demand for polybutadiene has been hurt by the

sluggishness of the domestic tire market. Nevertheless, the coneensus
is that polybutadiene demand will grow by one to two percent per

Year in the next few years. In 1988, Chemical Marketing Reporter
forecast that polybutadiene demand would increase by 1.5 percent per
year from 1988 to 1992." It was conceded that demand growth in com-
modity segments (e.g., tires) has reached its limit, but it was added
that the damand for new specialty materials, including blends of poly-
butadiene and SBR, may grow by four to Bix percent per year and
"eventually dominate the tire market." The International Institute of
Synthetic Rubber Producers has forecast that polybutadiene demand will
increage by 1.6 percent per year in North America from 1990 to 1994.°
Finally, Standard & Poor's forecasts growth of one to two percent per
year through 1992.° '

7.1.7 Supply Conditions
7.1.3.1 Production Processes

The polymerization of butadiene can yield several different
isomeric polymers, but the major one used in pelybutadiene production
is the cis-1,4 isomer. This polymer is produced primarily by solution
polymerization, and to a lesser extent by emulsion polymerization. '

The cis-polybutadiens rubber process consiste of four steps. In
the first step, feed butadiene is dried and combined with a recycled
butadiene stream. A solvent is also dried along with a recycled
solvent stream. The next step involves feeding these streams to a
reactor where the polymerization takes place. Reactor effluent is fed
to the concentrator where unreacted butadiene is removed for recycling
purposes. In step three, the stream leaving the concentrator is
stripped of solvent. Finally, in the last step, the resulting
polybutadiene crumb/water stream ig dried, compressed, and packaged.



TABLE 7-2. U.S. EXPORTS OF POLYBUTADIENE, 1980-198%

Quantity Percent of U.S.
{10° kg) Production®
1989 - 82.3 20.0%
1988 67.0 _ 16.5%
1987 ' 60.8 16.4%
1986 23.7 7.1%
1985 24.5 7.4%
1984 24.4 6.8%
1983 ' 16.3 4.9%
1982 14.6 5.1%
1981 28.1 . B.2%
1980 34.9 11.2%

*See Table 7-4.

Sources: Research Triangle Institute, "Eccnomic
Analysis of Proposed Hazardous Organics
NESHAP Controls,™ 1987; Rubber World,
May 1990, p. 6; Rubber World, April
1988, p. 11.



7.1.3.2 Domestic Producers and Total Prodyction

The five facilities in the United States that produce
Polybutadiene are listed in Table 7-3. The structure of the industry
ie unchanged from 1984, when a 64 million kilogram facility jointly
owned by Phillips Petroleum, Armstrong Rubber, and General Tire was
shut down. The American Synthetic facility in Louisville was due for
a capacity expansion by the end of 1989.® 1In May 1988, the industry
‘wae operating at 98 percent of nameplate capacity.!

U.5. production of polybutadiene from 1980 to 198% is shown in
Table 7-4. There was a general upward trend in the 19808, with output
reaching its highest level of the decade in 1989.

7.1.3.3 cCostg of Production _
The production of polybutadiene is capital-intensive, and it

requires a relatively amall labor force. Raw materials are therefore
the chief variable cost. Butadiene is the major raw material used.
From August to November 1990, the price of butadiene fell from 27
cents per pound (59.52 cents per kilogram) to 23 cents per pound
(50.71 cents per kilogram).

7.1.3.4 JImportsg
Imports of polybutadiene have been fairly constant since 1984,

after the recessionary years of the sarly 1980s. In 1989, imports
satisfied 17.5 percent of U.S5. consumption. The biggest sources of
U.8. imports of polybutadiene are, in order, Canada, Japan, Mexico, and
the Netherlands.!? In 1989, these four countries accounted for 83
percent of U.S5. imports.

7.1.4 Future Market Prospects

The recent increase in crude oil prices may eventually cause an
increase in the price of butadiene. This would increase the cost of
polybutadiene production.

Polybutadiene, like SBR, is very dependent on the U.S. tire
market. Although the U.S. tire market is expected to remain sluggish,
new applications for polybutadiene are predicted to help demand
increase by one to two percent per year over the next few years.



TABLE 7-3. U.S. PRODUCERS OF POLYBUTADIENE, JANUARY 1, 1989

Annual
Process Capacity

Company Plant Location Type (10° kqg)
American Synthetic Loulsville, KY Solution 70
Rubber Corp. _ '
Ameripol Synpol Port Nechea, X Emulsion a
Co. :
Firestone Orange, TX Solution 110
Goodyear Beaumont, TX Solution 180
~Polysar, Inc. Orange, TX Solution 65

Total . 425

‘Flexible SBR/polybutadiene capacity. Actual production of
polybutadiene ie unknown, but it is described by the source
below to be "very small.”

Source: SRI Internatjonal, "1989 Directory of Chemical Producers,”
» 5960 :



TABLE 7-4. U.S. PRODUCTION OF POLYBUTADIENE,

1980-1989
Quantity (10° kg)
1989 | 411
1988 407
1987 371
1986 336
1885 330
1984 359
1983 333
1982 288
1981 342
1980 . 311
Source: n ews, June 18,

1990, p. 41.



7.2 ECONOMIC IMPACT ANALYSIS

7.2.1 HON Compljance Copts

A synopsis of annualized cumulative control costs and summary
statistics for polybutadiene production facilities is presented in
Table 7-5. Costs are presented for option one controls. Option one
controls are estimates of the actual costs that facilities are likely to
incur. Figure 7-1 illustrates the same information graphically.

FPour facilities are displayed.

Polybutadiene ip currently produced by the polymerization
butadiene. Since this is the only commercial process, no analysis of
separate process costs is necessary.

7.2.2 Pricing

Polybutadiene prices are determined by a combination of
feedstock costs and end-use demand. Polybutadiene is produced by the
polymerization cof butadiene, and butadiene is the principal raw
material input. Butadiene prices tied closely to crude oil prices,
have been falling in the wake of the Persian-Guif conflict. Butadiene
prices might continue to drop as feedstock costs decline and end-use
demand is sluggish. Average realized prices for polybutadiene in 1989
were $1.04 per kilogram. Specialty end-uses will help to keep prices
firm.

7.2.3 Elapticities

Demand elapticities for styrene-butadiene rubber will be
estimated on the basis of available substitutes for styrene-butadiene
rubber, as well as substitutes for end-users. The potential for
import substitution is alsc examined.

7.2.7.1 Demand Elasticities

7.2.3.1.1 General-Purpose Rubbers

Seventy-nine percent of all polybutadiene is consumed in tire
and tire products. Considered a general-purpose rubber, polybutadiene
accounts for about 17 percent of all synthetic rubbers. Because of
their cost advantage and low temperature buildup during use,
general-purpose synthetic rubbers have extracted notable market share
from naﬁaral rubbers for commercial use, especially for automobile
tires, since their inception in fhﬂ early 1940s. Also, natural
rubbers cannot be used in applications where there is contact with
naphtha because the solvent swells the material. When these performance
characteristices are important, synthetic rubber is the



TABLE 7-5. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR POLYBUTADIENE RUBBER
PRODUCTION FACILITIES

Annual Option One
Facility/ Production Controls
Process (10° kg) ($/kg)
ia 89.1 $0.0010
2A 145.8 $0.0035
3a 56.7 $0.0038
4a 52.7 $0.0048
Suymmary Statistics '
Mean - $0.0033
Production : $0;0031
Weighted
Average
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Still, natural rubbers have not bﬁon replacad for many uses, and
in 1989 made up 30 percent of U.S. consumption. For axample, natural
rubber performs better than synthetics for use in large, heavy-duty
truck and bus tirea. In addition, natural rubbers are blasnded with
polybutadiene for use in automeobile tire manufacturing.

7.2.3.1.2 High-Impact Resin Modifiers
Polybutadiene is used as a high-impact resin modifier primarily

in polystyrene production. It is therefore necessary to examine
polystyrene market and the potential for substitution.

The physical properties of polystyrens can be altered by
addition of modifying agents to make an extensive variety of end-use
products. Many specialty uses for polystyrene are difficult to
substitute for. However, as disposable food service ware and
packaging material, polystyrene faces competition from cheaper
high-density polyethylene, polypropylene, polyethylene terephthalate,
and natural fibers (e.g. paper), all of which are encroaching on the
polystyrene market. In addition, environmental problems associated
with disposal are spurring substitution away from polystyrene. Futurae
growth prospects for polystyrene are expected to be limited. 1In this
sector, demand elasticity for polybutadiene is estimated to be
slightly inelastic.

7.2.3.2 Imports
Imports in the polybutadiene market are important, accounting

for 17.7 percent of 1989 U.S. consumption. Exports are also notable,
making up 20. percent of U.S. production in 1989. The presence of
such an abundance of polybutadiene traded on the international market
suggests that polybutadiene producers should be sensitive to the
prospects for import substitution.

7.2.3.3 Elasticity Estimate

- Based on the above evidence, the demand elasticity for SER is
estimated to be in the slightly inelastic range of -.67 to ~l1.

7.2.4 Market Strycture

Table 7-6 summarizes the parametere for the market structure of
polybutadiene. Four firms are currsntly producing polybutadiene. Thus,
the four firm concentration ratio is 100 percent, signifying subatantial
market power. The HHI is 2968.9, which falle in the range of
substantial market power. Imports in the industry are imporﬁant,
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serving to undermine the pricing discretion of domestic pfoducefs. In
summary, the polybutadiene industry is moderately to substantially
obgopolistic, and producers are likely to absorb a portion of HON
controls.

d B_On 1P B kevyanue and Emplovment

Impacts on price, output, total revenue, and employment in the
polybutadiene industry for option one controls are presented in Table
7-7n

7.2.5.1 Qptjion One Control Coptg

Option one control costs are estimates of the actual cost that an
industry will incur. The weighted average percentage price increase of
+30 percent leads to a price increase of 5.0031 per kilograﬁ. For the
two elasticity levels of -.67 and -1.00, the ocutput reduction is 748
thoueand kilograms (.19%) and 1.1 million kilograms (.29%),
raspectively.

The highest cost and the smallest plant in the industry is
Facility 4A, which accounts for 52.7 million kilograms of industry
production. If this plant absorbs the entire decline in output, it
would lose from 1.4 to 2.1 percent of its production, which won’t lead
to closure. While imports are important, this small price increase is
unlikely to spur import substitution. The loss in employment is
estimated to be from 2 to 3 employees.

7.2.6 cConclusion

Polybutadiene is a slow growth chemical tied to a lethargic tire
industry. 1Its success rests with specialty applications. The impact
of HON controles might help to reinforce the slowing of this ebbing
industry, but very imperceptibly. The range of price increases under
the option one control scenario is $.0010 per kilogram to $.0048 per
kilogram. This ies a small differential, and the production-weighted
Price increase is probably an accurate estimate of the actual ‘price
increase. Closure is highly unlikely, and the employment loss is
negligible.



TABLE 7-7. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE POLYBUTADIEKE INDUSTRY'

-0.67 -1.00
%2 Price (%/kg) _ 0.30% 0.30%
& Price (§/kg) $.0031 $.0031
%4 Output (%/kg) (0.20%) (0.30%)
A Output (10° kg) - (+749) (1.1)
%4 Total Revenue 0.10% 0.00%
A Total Revenue (10° §) $.384 $0.00
a Employment (2) (3)

(# of Employees)

'Based on Production Weighted Average Cost
DEFINITIONS: .

A = Change In

Market Price = 51.04/kg

1995 Qutput = 376.4 x 10° kg (based on 1989 production
at 1.7 percent annual compound growth)

1595 Total Revenue = $391,474,557.36 (market price
x 1985 ocutput)

1995 Employment = 1,067
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CHAPTER 8
ETHYLENE DICHLORIDE PRODUCTION

8.1 INDUSTRY PROFILE

Ethylene dichloride (EDC) is produced through the chlorination
of ethylene. Approximately 97 percent of all EDC is used to make
vinyl chloride monomer (VCM}, which itself is used principally to make
polyvinyl chloride (PVC).' About 65 percent of PVC demand derives
from housing and construction.? Conseguently, EDC is closely tied to
the U.S. housing and construction market.

8.1.1 Brief Market Introduction

8.1.1.1 Historical Overview
Apparent consumption of EDC from 1980 to 1989 is estimated in

Table 8-1 as production plus imports, minue exports. This is a
simplification because changes in inventory are ignored. There has
been an upward trend in consumption since 1982, a recessionary year.
Consumption in 1989 was at its highest of the decade, with the
possible exception of 1988, for which data were not available.

Almost 90 percent of all EDC produced in the U.S. is consumed
captively (mostly in the manufacture of VCM). 1In 1988, only 12
percent of EDC output in the U.8. was sold on the merchant market.?

Average realized prices of EDC from 1980 to 1989 are also shown
in Table 8-1. These prices are generally lower than list prices
because disccunting in the industry is the norm.* The price of EDC is
controlled by the price of VCM, which in turn is dependent on the
price of PVC. (Of courme, for the méjority of EDC that is consumed
captively -~ i.e., not sold on the merchant market =-=- the market price
of EDC is not realized in any transaction, but rather represents an
opportunity cost). From 1980 to 1989, average realized prices
fluctuated within a 15-24 cents per kilogram band.

8.1.1.2 PRecent Developments
Throughout 1990, the list price of EDC has been 35.3 cents per

kilegram. Actual transactien prices are not known. In 1989,
transaction prices were 28.7 - 33.1 cents per kilogram in May, and
declined to 17.6 cents per kilogram in August.’® At that time, there
were "strong indicators of even further price deterioration in the near
future."® The softness in prices was due mainly to 1) lower overseas
demand, especially from Japan and Taiwan; 2) diminishing domestic



TABLE B8-1l.

AVERAGE REALIZED PRICE AND APPARENT CONSUMPTION

OF ETHYLENE DICHLORIDE IN THE U.S., 1980-198%

Apparent

Price Consumption®

(¢/kg) (10° kg)
1989 24 . 5,679
1988 24 N.A.
1987 18 5,117
1986 18 5,636
1985 21 5,054
1984 24 4,53%
1983 22 4,807
1982 15 3,1€0
1981 18 4,327
1980

22 4,781

*Production plus imports, minus exports. Because'inventory
changes are ignored, this is a simplified estimate of
consumption. ’

Sources:

Research Triangle Institute, "Economic Analysis of
Proposed Hazardous Organics NESHAP Controls," 1987;
Mannsville Chemical Products Corp., "Chemical Products
Synopsig =-- Ethylene Dichloride,”™ June 1%88; U.S.
International Trade Commission, Synthetic Organic
Chemicals, 1984~1989; Chemical Marketing Reporter,

January 1, 1990; Chemical & Enaineering Néws, June 18,
1990, p. 39; U.S5. Dept. of Commerce, Bureau of the

Census, "U.S. Exports, 1989,* Report FT447 and "U.S.
Imports for Consumption, 1989,” Report FT247.
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demand for PVC; and 3) increased supplies of chlorine, a major input
to EDC.

8.1.2 pemand Conditions

8.1.2.1 Uyses for Ethvlene Dichlogzide
As mentioned, PVC, the end-use of VCM, is used primarily in.

housing and construction. Other uses for PVC include automectijive
materials, packaging, and, more recently, electrical and electronic
applications. The PVC market is about equally divided between two types
of the polymer: flexible and rigid. Rigid PVC is used typically in
pipe and construction profiles, while flexible PVC's major
applicaticns include packaging films, calendared sheeting,
vinyl~coated fabrics, consumer products, and under—-the-hcod automotive
products.

Only about 3 percent of EDC production in the U.S. is not used
to manufacture VCM. Chlorinated solvents and ethyleneamines are the
primary miscellaneous uses of EDC.

8.1.2.2 Exports |

U.S. exports of EDC, shown from 1980 to 1989 in Table 8-2, have
been on the rise due to increasing VCM capacity overseas. The primary
overseas degstinations are Japan and Taiwan, which together in 1989

)

accounted for Bl percent of U.S. exports.’ Exports had an 8.7 percent

share of U.S. production of EDC in 1989.

8.1.2.3 Future Trends
The end uses of EDC are mature and no major technical

breakthroughs that will result in new applications are expected.?
Hence, the demand for EDC ie expected to follow the demand for PVC,
which is tied to the business ctycle. Chemical Marketing Reporter, in
1988, forecast that the demand for EDC would increase by 2-3 percent
per year through 1993, compared to average growth of 1.6 percent per
year from 1979 to 1988.' Growth was forecast to pick up due to
anticipated VCM and PVC capacity expansions in the U.S. Standard &
Poor's forecast in 1989 that PVC demand in the U.S. would increase by
3 percent per year in the long term.™

New jintegrated EDC-VCM planﬁﬁ are coming on stream overseas in
response to the increase in demand for PVC. This should reduce the
demand in the near future for U.S. exports of EDC."



TABLE 8-2. U.S. EXPORTS OF ETHYLENE DICHLORIDE,

1980-1989

Quantity Percvent of U.S.

(10° kg) Production®
1989 541 8.7%
1988 N.A. N.A.
1987 432 7.8%
1986 264 - a.5%
1985 442 8.1%
1984 345 ' 7.1%
1983 441 8.4%
1982 362 10.5%
1981 280 6.2%
1980 278 5.5%

'‘See Table B-4.

Sources: Research Triangle Institute,
"Economic Analysis of Proposed
Hazardous QOrganics NESHAP Controls,”
1987; Mannsville Chemical Products
Corp., "Chemical Products Synopsis —--
Ethylene Dichloride," June 1988; U.S.
Department of Commerce, Bureau of the
Census, “U.S. Exports, 1989," Report
FT447.



8.1.3 Supply Conditions :
B.1.3.1 Production Process
Until the mid-1970s, EDC was produced as a coproduct of ethylene

oxide by the chlorchydrin process. Since that time all EDC has been
made either by chlorination or oxychlorination of ethylene. The
chlorination procese involves combining ethylene with chlorine in the
liquid phase to produce EDC. In the bxychlorination process,
ethylene, oxygen, and hydrogen chloride (BCl) react in the vapor
phase.

Ethylene dichloride is usually made as an intermediate in the
production of VCM and other chlorinated solvents. However, some EDC
is produced either at plants that have no internal use for it, or with
the intent of being sold in small quantities for other purposes. When
the EDC is used on site to manufacture VCM, the chleorination and
oxychlorination processes are combined with the thermal cracking of
EDC intc the "balanced process.™ VCM is then the only product (a
result of the cracking process), and all the HCl required for the
oxychlorination is formed as a product of the cracking of EDC. The
balanced process can uge externally made HCl and can also produce EDC
and/or HC] as coproducts.

8.1.3.2 Domestic Preoducere and Total Production

Rs of May 1989, there were 9 companies with 16 plants in the
U.S8, that produce EDC. The plants are listed in Table 8-3 along with
their effective capacities.

Industry capacity utilization in mid-1989 was near 95 percent."
This compared to 85 percent in mid-1988 and 45 percent in 1982134
454 million kilegrams of U.S. capacity has been idled and could be
restarted if there is sufficient demand."” In May 1989, Formosa Plastics
intended to double capacity at its Point Comfort facility by the end of
the year.'®

All EDC facilities in the U.S. with the exception of Vulcan
Materials’ 4in Geismar, La. and Occidental’s 771 million kilogram
facility in Deer Park, Tx. alsc manufacture VCM."” WVulcan produces
chlorinated solvents from EDC while Occidental sells on the merchant
market.

As shown in Table 8-4, U.S. output of EDC reached its highest
levels of the decade in 1988 and 1989, This is attributable to strong
export demand (see Table 8-2) and strong domestic demand for PVC. 1In
the second half of 1989, the demand for PVC began to abate as the U.S.
housing and construction market entered a slump.

8-5



TABLE B-3. U.S5. PRODUCERS OF ETHYLERE DICHLORIDE, MAY 1989

Capacity
Company Plant Location {10° kg/yr)

Borden Geismar, LA 338
Dow Freeport, TX 126
Oyster Creek, TX 459
o : Plaguemine, LA 771
Formosa Plastics Corp. Baton Rouge, LA 227
Point Comfort, TX 209
Gaorgia Gulf Plagquemine, LA 823
B.F. Goecdrich Calvert City, K¥* 454
La Porte, TX 71%
Occidental Petroleum Convent, LA 363
Corpus Christi, TX 363
Deer Park, TX 79
Desr Park, TX 771
PPG Lake Charles, LA 1,225
Vista Chemical Lake Charles, LA 522
Vulcan Materials Co. Geismar, LA 136
8,225

*The Westlake Group (Houston, Texas), owned by Taiwan~based China
General Plastics, entered intc an agreement in October 1989 to
purchase this facility, pending FTC approval.l8

Source: Chemical Marketing Reporter, May 22, 1989.



TABLE 6-4. U.S. PRODUCTION OF
ETHYLENE DICHLORIDE, 1980-1%B%

Quantity

(10° kg)
1989 | 6,202
1988 5,909
1987 5,532
1986 5,869
1985 5,489
1984 ' 4,858
1983 : 5,219
1982 3,456
1981 4,524
1980 : 5,039

Source: Chemjcal & Engineering News,
June 18, 19%0, p. 39.



8.1.3.3 gCosts of Production

The production of EDC, like other synthetic organic chemicals,
is probably capital-intensive. The major raw material inputs are
ethylene and chlorine. The list price of chlorine has remained at
$209-220 per metric ton since the beginning of 1990. The price of
ethylene was 50.7 cents per kilogram from the beginning of 1990 until
October, but then shot up in late October and early November to 72.8
cents per kilogram. This same price prevailed at the start of 1989,
before a capacity build-up and weak derivative markets caused the price
to decline through the course of the year.

8.1.3.4 Imports
U.S. imports of EDC are relatively ingignificant. BAs indicated

in Table 8-5, since 1983, imports have always amounted to less than
one percent of U.S. consumption.

8.1.3.5 Future Prospects

U.S5. EDC facilities are currently running at high capacity
utilization rates. However, idled capacity that can be restarted
ensures that there will be ample supplies of EDC for the production of
VCM and PVC. . '

The recent 43 percent jump in the price of ethylene suggests
that EDC production costs will increase. However, planned ethylene
capacity additions in 1991 could help alleviate the cost pressure.

8.1.4 Future Market Prospects _
With its dependence on PVC and, in turn, housing and

construction, EDC is likely to experience slow demand growth as long
as the slump in the U.S. housing and construction continues. U.S.
producers are also likely to be hurt by an anticipated increase in
overseas EDC production capacity, which will decrease U.S. export
demand. EDC profitability is likely to be squeezed from two sides:
the weak housing and construction market, which will affect downstream
PVC prices; and the recent (October/November 1990) 43, percent increase
" in the price of ethylene, a key input to EDC. Ethylene prices may
eage in 1991 when new capacity comes on stream, however.



TABLE B8-5. U.S. IMPORTS OF ETHYLENE

DICHLORIDE, 1980-1983

Quantity Parcent of U.S.

(10% kg} Consumption*
1989 17.9 0.3%
1988 N.A.  N.A.
1987 17.2 0.3%
1986 31.3 0.6%
1985 6.4 0.1%
1584 12.1 0.3%
1983 18.2 0.4%
1982 58.6 1.9%
1981 73.2 1.7%
1980 10.0 0.2%

‘See Table 4-1.

Sources:

Research Triangle Institute,

"Economic Analysis of Proposed
Hazardous Organics NESHAP Controla,”
1587; Mannsville Chemical Products
Corp., "Chemical Products Synopsis -=
Ethylene Dichloride,® June 1988; U.S.
Department of Commerce, Bureau of the
Census, "U.S. Imports for Consumption,
1989, " Report FT247.



8.2 ECONOMIC IMPACT ANALYSIS

8.2.1 compliance Costs

A synopsis of annualized cumulative control costs and summary
statistics for EDC production is presented in Table 8-6. Costs are
displayed for option one controls, which estimate the actual control
costs a facility will incur. Figure 8-1 illustrates control coste
graphically. EDC is currently produced via chlorination/oxichlorination
of ethylene. Since this is the only commercial procesa, no analysis of
separate process costs ie neceasary}

8.2.2 Pricing

EDC prices are determined by a combination of feedstock costs and
end-use demand. Ethylene, a principal input in EDC production, is also
the largest volume synthetic organic chemical in the world today.
Ethylene prices are expected to fall over the next several years as new
capacity becomes operational and lower cost feedstocks, particularly
butane, increase in availability.”® Feedstock coets are unlikely to put
upward pressure on EDC prices through the mid-1990s. Ninety-seven
percent of EDC finds its ultimate use in PVC, and EDC prices are closely
tied to PVC. Prices could soften in the years to come, given mature
end-uses for PVC, decreaging cverseas demand, and increased supplies of
chlorine, which is the other major input for EDC. If prices decline,
the impact of HON controls will be understated.

8.2.3 Elasticities

Demand elasticities for EDC will be estimated on the basis of
available substitutes for Ebc, ags well as substitutes for end-users.
The potential for import substitution is also examined.

8.2.3.1 Vinyl Chloride Monomer

vinyl chloride monomer is the primary derivative of EDC,
accounting for 97 percent of EDC demand.  Since EDC is essential in the
production of vinyl chloride monomer, substitutes for vinyl chloride
monomer are of primary interest. )

Vinyl chloride monomer is used principally for PVC preoduction.
Hence, EDC demand is déerived ultimately from PVC demand and PVC snd-use
demand. PVC has a wide variety of end-uses, including rigid pipe and
tubing, sheet and film, siding, containment liners for liquid and solid
waste, and others. All of these applications have several substitutes,
including fiberglass reinforced plastic, polyethylene, aluminum and
concrete. Alternatives could come into use given PVC cost increases.

8-10



TABLE 8~6. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR ETHYLENE DICHLORIDE PRODUCTION FACILITIES

- —— -]
Annual Producticn Option One Control

Facility {10° kg) (8/kg)
1A 368.8 $£0.0015
2A 1,043.0 $0.0021

3a 618.0 $0.0021

4A 701.3 $0.0022

5a 657.1 $0.0022

6A 612.0 50.0022

7A 657.1 $0.0024

8A 425.0 $0.0025

SA 288.2 _ $0.0027
loa _ 444.6 $0.0030
11A 309.4 $0.0031
12h 309.4 $0.0034
13n 193.0 $0.0035
14A - 177.0 $0.0036
15a 115.6 $0.0044
16a 68.0 $0.0052

Summary Statjistics

Mean £0.0029
Production £0.0025

Weighted Average
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However, PVC has performance advantages for pipe and tubing -- its
primary end-use -- due to its rigidity. Also, PVC is very low-cost.

8.2.3.2 Imports

Imports of EDC are insignificant. However, imports of PVC resins
are important, reducing demand for domestic EDC. '

8.2.3.4 Elasticity estimate
Demand elasticity for EDC estimated to be in the moderately

inelastic range of ~.34 to -.67.

8.2.4 Market Structure

Takble 8-7 summarizes the parameteres for the market structure of
EDC. None firms are currently producing EDC. The four-firm
concentration ratioc is 72.6 percent, signifying substantial market
power. The HHI is 1569.3, which fallse moderate fange of market power.
Captive consumption is B8 percent, indicating a substantial level of
vertical integration. ©On average, 5 chemical compounds are produced at
EDC sites, suggesting a substantial level of horizontal integration.
Imports of EDC are not important, but imports of PVC resins impact EDC
pricing. In summary, EDC industry is highly oligopolistic, and firme
will likely absorb a significant portion of HON compliance costs.

8.2.5 Impacte on Price, Output, Total Revenue, and Employment

Impacts on price, output, total revenue, and employment in
the EDC industry are presented in Table 8-8.

8.2.5.1 Option One Control Costs

Option one control costs represent the estimated actual cost that
an industry will incur. The wejighted average percentage price increase
of 1.03 percent leads to a price increase §.0025 per kilogram. For the
two elasticity levels of -.34 and -.67, the output reduction is 28.3
million kilograms (.35%) and 55.7 million kilograms (.69%),
respectivealy.

The smallest plant in the industry is facility 15A, which accounts
for 68.0 million kileograms of industry production. This is also the
highest cost plant. If this plant absorbs the entire reduction in
output, it would lose from 42 to B2 percent of its. production, which ie
likely to lead to closure. However, the cost differential between this
plant and the other facilities in the industry is about one-third of a

8~13
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TABLE 8-8. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE ETHYLENE DICHLORIDE INDUSTRY',
OPTION ONE CONTROL COSTS

L —
Elasticity
=D.34 -D.67
%2 Price (%/kg) 1.03% 1.03%
a Price ($/kg) $.0025 $.0025
%4 Output {%/kg) (0.35%) {0.69%)
& Output {10° kqg) ' {28.3) (55.7)
%2 Total Revenue 0.68% 0.34%
4 Total Revenue (10° §) §13.3 . 56.6
& Employment (19} {37)

{# of Employees)

'Based on Production Weighted Average Cost
DEFINITIONS:

a = Change In

Market Price = $0.24/kg

1995 Output = 8,124 x 10° kg (bamed on 1989 production at 2.5
percent annual compound growth)

1995 Total Revenue = $1,949,871,403.19 (market price x 1995
output)

1995 Employment = 5,313



cent. Thus, the output reduction is ﬁpt to be spread out across the
industry. The decline in employment is estimated to be from 19 to 37
employees.

8.2.5 conclusjon
The range of compliance costs is §$.0015 per kilogram to $.0052 per

kilogram. The differential is small, and the production weighted
average is probably a good estimate of the actual price increase in the
industry., Closure is poseible in the extreme case that the high cost
firm absorbs all of the reduction in output. However, it cannot be
predicted with any certainty.

8.2.6 References

1. "Chemical Profile -- Ethylene Dichloride." Chemjical
Marketing Reporter, May 22, 1989,
2. Mannsville Chemical Products Corp. "Chemical Products
Synopsis —-- Ethylene Dichloride.” Asbury Park, NJ, June 1988.
3. U.5. International Trade Administration. Synthetic Organic
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4 Reference 2.
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7. U.5. Department of Commerce, Bureau of the Census. Report
FT447: "U.S. Exports." Washington, DC, August 1990.
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10. Standard & Poor's Corp. Industry Surveys. "Chemicals =--
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"Economic Analysis of Proposed Hazardous Organics NESHAP
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CHAPTER 9
ETEYLENE OXIDE PRODUCTION

9.1 INDUSTRY PROFILE

Host'athylene oxide is used captively in the manufacture of
other intermediate chemicals; in 1988, only 11 percent of all ethylene
oxide in the U.S5. was sold on the merchant market.! The majority of
ethylene oxide consumed on site ie used to make ethylene glycel.
There are currently thirteen plants in the U.S. that manufacture
ethylene oxide; Bix are located in Texas, four in Louigiana.

9.1.1 Brief Market Introduction
9.1.1.1 Historical Overview

In the early 1980s, low profitability and competition from over-
geas caused several ethylene oxide ?lants in the U.S5. to shut down or
curtail operations. In 1987 and 1988, a shdrtage of ethylene oxide
developed, largely in response to a shortage of ites feedstock, ethylene.
Two manufacturers, Olin and Union Carbide, re-started capacity.

Other companiesg increased capacity by debottlenecking (increasing the
capacity of relatively low-capacity steps in a manufacturing process
to match the capacity of relatively high-capacity steps}). As a
result, from March 1987 to February 1950, total annual capacity in the
U.S. for ethylene oxide increased 13 percent from 6,330 million pounds
(2,871 million kilograms) to 7,150 millicon pounds (3,243 million
kilograms.}™?

Average realized prices and apparent consumption of ethylene
oxide from 1980 to 1989 are shown in Table 9-1. Due to the shortage,
the average price almest doubled from 1987 to 1988. Average realized
price further increased appreciably from 1988 to 1989.

After hitting a decade-low in 1987, consumption of ethylene
oxide in 1989 was back to a level typical of the mid-1980s.

Ethylene oxide is the least profitable of the major ethylaene
derivatives.® The 1980s were considered a "poor decade for (ethylene

oxide) profits.™’

9.1.1.2 Recent Developments
Since mid-1989, the demand for derivatives of ethylene oxide has

in general been weak.® As a result, the price of ethylene oxide
declined by 22 cents per kg from mid-1989 to February 1990. Prior to
mid-1989, there had been a price run-up. Discounting in the

9-1



TABLE S-1. AVERAGE REALIZED PRICE AND APPARENT
CONSUMPTION OF ETHYLENE OXIDE IN THE U.S., 1980-1989

Price Apparent Consumption®

($/kg) (10° kq)
1989 1.30 2,424
1988 0.84 N.A.
1987 0.44 2,167
1586 0.45 2,452
1985 0.47 . - 2,445
1984 0.56 2,580
1983 _ 0.62 2,509
1982 0.68 2,266
1981 0.7% | 2,233
1980 0.75 2,332

"Production plus imports, minus exports. Because
inventory changes are ignored, thie is a simplified
estimate of consumption.

Sources: Research Triangle Institute, “Economic
Analysis of Proposed Hazardous Organics
NESHAP Controle,” 1987; U.S. International
Trade Commission, Synthetic Organic
Chemicals, 1984-198%; chemical Marketing
Reporter, January 1, 1990; Mannseville
Chemical Products Corp., "Chemical
Products Synopsie =- Ethylene Oxide,"
August 1988; chemical & Engineering News,
June 18, 1990, p. 39; U.S5. Dept. of
Commerce, Bureau of the Census, "U.S.
Exports, 1989," Report FT447 and "U.S.
Imports for Consumption, 198%," Report
FT247.



industry is common. List prices didn’t decrease until April 1990,
when they fell from $1.32-51.43 per kilogram to $1.10 per kilogram.
Since that time, list prices have remained at $1.10-1.12 per kilogram.

Ethylene oxide was hurt in 1989 by weak demand for its major end
use, ethylene glycol. Export sales of ethylene glycol diminished in
1989, and there was a large inventory carryover from 1988 to 1989 of
antifreeze, which accounts for about one-third of ethylene glycol
consumption. This was prompted by shortages of ethylene and its
derivatives in 1987 and 1988. As a consequence of the high antifreeze
inventory levels going into 1989, sales of antifreeze in the U.S.
declined from 216 million gallons in 1988 to 161 million gallons in
1989.7

9.1.2 Demand Conditions

9.1.2.1 Uses for Ethylene Oxide

Ethylene oxide has several intermediate uses that are showh in
Table 9-2. Ethylene glycol is the primary derivative, consuming 58
percent of ethylene oxide output. Over 90 percent of ethylene glycol,
in turn, ie used as antifreeze and to manufacture polyester resins and
film. Antifreeze accounts for 41 percent of ethylene glycol
consumption in the U.S., while polyester fibers account for 35
percent, polyester beottle resin (PET) 1l percent, and polyester film
and other resins & percent.®

Ethoxylates are the second most important end use of ethylene
oxide, and account for the majority {70 percent) of ethylene oxide sold
on the merchant market.’ Ethoxylates are used primarily as non-ionic
surfactants. The demand for non-ionic surfactants grew significantly
in the 1980s due to growth in the use of heavy-liquid detergents,
which contain high concentrations of the surfactants. From 1978 to
1988, heavy-duty liquid detergents increased their share of the U.S.
detergent market from 15 percent to 40 percent." Increased supplies
of ethoxylates to produce non-ionic surfactante have not been that
forthecoming, though. For one, ethylene oxide producers are often
reluctant to sell on the merchant market (e.g., tc ethoxylate produ-
cers) because there are potential hazards of shipping bulk quantities
of ethylene oxide.!" Also, from time to time, there have been ethylene
oxide supply'shortages. Perhaps most importantly, it is less
profitable for ethylene oxide producers to sell on the meréhant market
than to consume ethylene oxide captively and manufacture
derivatives.” BAs a result, several U.S5. ethylene oxide producers



TABLE 9-2. USES OF ETHYLENE OXIDE, 1990

Percent of Total

Consumption
‘Ethylene glycol : 58%
Ethoxylates 14%
Di-,tri-, and polyethylene glycols 9%
Ethanolamines 9%
Glycol ethers 6%

oOther* 4%

'‘Includes polyether polyols, and-tetraethylene glycol as an
intermediate in various products and as a fumigant/sterilant.

Source: Chemical & Engineering News, July 30, 1990, p. 1l1.



have been de-emphasizing their merchant market sales (e.g., to
ethoxylate producers) in favor of captive consumption.'"

Diethylene glycel is used to preoduce unsaturated polyester
resins, textile lubricants and conditioners, plasticizers, and several
other items. It is also used in natural gas dehydration. Triethylene
glycol is also used in natural gas dehydration, and is used as a
humectant and in the manufacture of vinyl plasticizers. Polyethylene
glycol ig used mainly in surface active agents.™

Ethanolamines are used for detergents and gas purification.
Glycol ethers have solvent appiications. The "other" category in
Table 9~2 includes the end use of ethylene oxide as a
sterilant/fumigant for medical products. Like ethoxylates, this uge
derives principally from sales of ethylene oxide con the merchant
market. :

9.1.2.2 Exports
Table 9~3 reveals that exports account for a very small share of

U.8. production of ethylene oxide. 1In 1989, the U.S. exported only
5.5 million kilograms of ethylene oxide. It is worth noting,
though, that the U.S. exported an estimated 494 million kilograms
of ethylene glycol in 1989.Y

9.1.2.3 Future Trends

Chemjical Marketing Reporter forecasts that ethylene coxide demand
in the U.S5. will grow by 2 to 2.5 percent per year from 1990 to
1994." 1In comparison, demand grew by only 1 percent per year from
1980 to 1989. Relatively high-growth end uses are surfactants and
ethanolamines, which are growing by 3 percent per year or more.

Glycol ethers, on the other hand, are expacted to lose markets
because of environmental and occupational health regulations.

Most derivatives of ethylene oxide and uses of ethylahe glycol
are mature products. An exception is polyester resins used in bottles
and other packaging. Overéll, Chemical Marketing Reporter proje&ts
that ethylene glycol demand will increase by 2 percent per year in the
early 1990s.'” Another forecaster expects ethylene glycol growth of
1.4 percent per year up to 1997." '

9.1.3 Supply Conditions
9.1.3.1 Production Processes
Ethylene oxide is produced by the direct, vapor-phase

oxygen-oxidation of ethylene over a silver catalyst and by the air

9~-5



TABLE 9-3. U.S. EXPORTS OF ETEYLENE OXIDE, 1980-1985

Quantity Percent of U.S.

(10% kg) Production®
1989 5.5 : 0.2%
1938 N.A. N.A.
1987 16.3 " 0.8%
1886 12,7 _ 0.5%
1885 28.1 _ "1.1%
1984 11.3 : 0.4%
1983 6.3 0.2%
1982 1.5 _ 0.1%
1981 24.9 1.1%
1980 38.8 1.6%

'See Table 95-5.

Sources: Research Triangle Institute, "Economic
Analysis of Proposed Hazardous Organics
KRESHAP Controls,” 1987; Mannsville Chemical
Products Corp., "Chemical Products Synopeis
== Ethylene Oxjide,” August 1988; U.S.
Department of Commerce, Bureau of the Census,
“U.S. Exports, 1989," Report FT447.



oxidation process. Carbon dioxide and water are the only significant
byproducts produced. Ethylene oxide is recovered as a crude aquecus
solution, which is then either used to produce ethylene glycol by
hydration or fracticnated to produce pure ethylene oxide. Ethylene
oxide may be emitted during both production and captive use of the
chemical. New processes for producing ethylene oxide baged on such
raw materials ag synthesis gas and ethanocl are being develcped,
although the feasibility of these developments will depend on future
relative ethylene values.” '

9.1.3.2 Domestic Producers and Total Productiop
Az of February 1950, 12 companies with 13 plants produced ethylene

oxide in the U.8. The plants and their production capacities are
listed in Table 9-4. Total capacity for the industry is 3,241 million
kilograms. This represents an increase of 13 percent from 2,871
million kilograms in 1987.* Average utilization of nameplate capacity
in the industry in 1989 was 84 percent.?”

U.8. preoduction of ethylene oxide from 1980 to 1989 is shown in
Table 9-5. After slumping severely in 1587, output increased in 1988
to 2,700 million kilograms, the highest level of the decade. Output
fell 10.6 percent in 1989 to 2,414 million kilograms, however.

9.1.3.3 cCost of Production

The primary input into ethylene oxide production is ethylene.
The cost of ethylene oxide is closely tied to the cost of this input.
The price of ethylene was 23 cents per pound (50.7 cents per kilogram)
from the beginning of 1990 until Octeber, but then shot up in late
October and early November to 33 cents per pound (72.8 cents per
kilogram). This same price prevailed at the start of 1989, before a
capacity build-up and weak derivative markets caused the price to
decline through the course of the year.

9.1.3.4 Imports

Table 9-6 contains data on U.S. imports of ethylene oxide. Like
exports, imports of ethylene oxide are negligible. However, the U.S.
imported an estimated 163 million kilograms of ethylene glycol in
1989.2 Ethylene glycol had the'third-largest trade surplus -- 331
million kilograms —-- among U.S. petrochemicals in 1983, trailing
only polypropylene and styrene.®



TABLE 9-4.

FEBRUARY 1990

U.S. PRODUCERS OF ETHYLENE OXIDE,

Company

Plant Location

Capacity (10° kg/yr)

BASF

Dow

Eastman

Hoechst Celanese
Olin

Oxy Petrochemicals
PD Glycol

Quantum Chemical COrﬁ.
Shell

Sun Refining
Texaco

Union carbidé

Geismar, LA
Plaquemine,lLA
Longview, TX
Clear Lake, TX
Brandenburg, KY
Bayport, .TX
Beaumont, TX
Morris, ILL
Geismar, LA
Claymont, DE
Port Neches, TX
Seadrift, TX

Taft, LA

218
204

95
249

50
265
249
104
374

50
408
372
603

3,241

Source: Chemical Marketing Reporter, February 12, 199%0.
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TABLE 9-5. U.S. PRODUCTION OF
ETHYLENE OXIDE, 1980-198%

Quantity

(10° kg)
1989 _ 2,414
1988 ' 2,700
1987 ' 2,170
1986 2,463
1985 2,463
1984 2,585
"1983 _ 2,510
1982 2,262
1981 2,239
1980 2,368

Source: Chemical & Engineering News,
June 18, 1590, p. 39.



TABLE 9-6. U.S. IMPORTS OF ETHYLENE OXIDE, 1980-1989

Quantity Percent of U.S.

(10° kg} Consumption®
1989 -15.3 0.6%
1988 N.A. ' N.A.
1587 12.7 0.6%
1956 1.4 0.1%
1985 10.4 0.4%
1984 5.7 0.2%
1983 4.1 ' 0.2%
1982 4.3 0.2%
1981 17.7 0.8%
1980 2.6 0.1%

‘See Table 9-1.

Sources:

Research Triangle Institute, "Eccnomic Analysis
of Proposed Hazardous Organics NESHAP Controls,”
1987; Mannsville Chemical Products Corp.,
"Chemical Products Synopsis -- Ethylene Oxide,"
August 1988; U.5. Department of Commerce, Bureau
of the Census, "U.S. Imports for Consumption,
1989, " Rseport FT247.
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9.1.3.5 Future Prospects
Several planned expansions will add significantly to U.S. ethylene

oxide production capacity in the next few years.* PD Glycel

will be adding 90 million pounds (41 million kilograms} in 1991. Oxy
Petrochemicals was scheduled to add 30 million pounds (14 million
kilograms} in May 1990. More significantly, shell is building a 450
million pound (204 million kilogram) plant on the Gulf of Mexico, '
scheduled for start—-up in 1993. And Union Carbide plans to increase
capacity at its Taft, La. facility in 1992 by 410 million pounds (1B6
million kilograms}.

Overall, U.S. capacity for ethylene oxide is projected to
increase 17 percent to 3,788 million kilograms in 1993.25 With even
mare rapid expansion on line in Canada, total North American capacity
is projected to increase by 20 percent from 3,674 million kilograms
currently to 4,400 million kilograms in 199%93. Since demand is not
expected to keep pace with the increases in capaéity, operating rates
in the U.8. ethylene oxide industry are likely to decline in the next
few years. '

9.1.4 Futuyre Market Prospects

Since most end uses of ethylene oxide are mature, the demand for
ethylene oxide is expected to grow modestly in the near future.

Growth of around 2 to 2.5 percent per year is expected over the next
five years.

The price of ethylene oxide will likely be kept in check in the
next several years by an increase in industry capacity. Capacity
expansions in excess of forecast growth in demand will probably also
cause ethylene oxide to continue to be relatively unprofitable.

‘9.2 ECONOMIC IMPACT ANALYSIS
9.2.1 Compliance Costs

A synopsis of annualized cumulative contrel coste and summary
statistics for ethylene oxide production is presented in Table §-8.
Costs are displayed for option one controls, which are estimates of the
actual control costs that facilities are likely to incur. Figure 9-1
presents the option one control scenario information graphically.
Thirteen facilities are displayed. Ethylané Oxide (EO) is currently
proﬂuced via air oxidation of ethylene. Since this is the only
commercial process, no analysis of separate process costs is necessary.



TABLE 9-8. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR ETHYLENE OXIDE PRODUCTION FACILITIES

]
' . Annual Production Option One Control
Facility : (10° kg) ($/kg)
1A 527.1 _ $0.0038
2A 267.5 $0.0038
3a 337.0 $0.0038
LY. 179.5 $0.0039
5A 179.5 $0.0039
A 319.4 $0.0039
A 199.8 $0.0039
8a 191.8 $0.0039
. 9A a3.6 $0.0041
l0A 179.5 $0.0042
11a _ 44.0 $0.0043
12a .891.5 $0.0045
13a 39.6 $0.0070
Summary Statistjics
Mean £0.0099 $0.0042
Production $0.0084 $0.0040
Weighted : )
Average

9=-12



ndino 4o By jo suonn

000'¢
- ] |

008'2 009'2 0o’z 002'z °00% gop 009" 00v' 002 9001 608 009 oOv o0OZ
L _ L 1 [ A [

0
- S200°0

: — R — ——
ﬂFlrla ve vi ve v ve ve (73

L

obnlaay pajybam-uoyanpoiy

S3LLITIVA NOLLONAOHd 3AIXO 3ININAHLI ¥O4
STTOHLNOD NOH 40 WVH907TUM Y3d SLSOD GIZINYNNNY 3AILYINWND

‘-6 34nsId

- 05000
-S400°0
0010°0
5210’0
0510°0
52100
- 00200
- 6220°0
- 0520'0
- §220°0
-00£0°0
- §2€0°0
- 08£0°0
- §2£0°0
L oovoo
- 520'0
- 0S0°0
- SL60°0
- 00500
L s2g00
- 055070
- G250°0

450D |[oyue] BUQ uoido

00900
- S290°0

lossoo

- 5490°0
- 0040°0

] by/$

9-13



9.2.2 pricing
EO prices are determined by a combination of feedstock costs and

end-use demand. Ethylene, the principal input in EO production, is also
the largest volume synthetic organic chemical in the world today.
Ethylene prices are expected to fall over the next several years as new
capacity becomes operational and lower cost feedstocks, particularly
butane, increase in availability.? Feedstock costs are unlikely to put
upward pressure on EO prices through the mid-19%0s. End uses for EO
tend to be mature, leading to modest growth in demand for EQ -- 2 to 2.5
percent per year. Already a low profit industry, EO prices are
projected to continue falling, stemming from the aforementioned
feedstock costs and increased capacity for captively consumed EO. The
1989 average realized price of £1.30 per kilogram can be considered an
upper-bound price. This is probably an overetatement given the common
practice of discounting in the EO industry. Two developments might,
_however, help to buoy EO prices. First, the low profitability is
encouraging exit from the merchant market, which is already being
undertaken by Union Carbide, Dow Chemical, Hoechet Celanese Corperation,
and Texaco Chemical Company.® Also, strong demand for surfactants '
should moderate the slide. Nevertheless, the high-volume, mature EO
industry is apt to face a continued softening of prices and
profitability. If prices drop, HON impacts will be understated.

5.2.3 Elastjcjties

Demand elasticities for ethylene oxide will be estimated on the
basis of available substitutes for EO, as well as substitutes for end-
users. The potential for import substitution ie also examined.

9.2.3.1 Ethylene Glycol
Ethylene glycol(EG) is the primary derivative of EO, accounting

for 58 percent of EO demand. Forty-one percent of EG is used as
antifreeze, and 35 percent is used in the manufacture of polyester
fibers. These two end uses will be addressed in turn.

While manufacture of antifreeze from compoundg other than EG is
chemically feasible, EG dominates the market. EG is both low in cost
and easily analyzed for its thermal properties. Demand for EG in the
antifreeze market is considered highly inelastic. As such, the derived
demand for EO is highly inelastic in this instance. '

Polyester also appears to be highly dependent on EG as an input.
Pelyester is the material used in the largest gquantity by the textile
industry. Moreover, the character of polyester fiber (i.e. texture,



washability, durability, etb.} stems from its EO component. However,
polyester fibere themselves do have substitutes,including other
synthetics, and natural fibers like cotton and wool. Cotton has made
notable inroads into the polyester market in recent years. The demand
for EG, and in turn EO, is judged to be highly to moderately inelastic
in this end-use sector.

9.2.3.2 Ethoxylates

Ethoxylates rank second in EO demand, accounting for 14 percent
of consumption. Ethylene-based ethoxylates, inexpensive and highly
biodegradable, have experienced growth through the last decade due to a
shift towards liquid detergent use in favor of powdered detergentsg.
Alkyl benzene sulfonates play the same role in powdered detergents. The
benzene-based surfadtants, also subject to HON regulations, are
inexpensive as well, but probably don’t biodegrade as readily.
Biodegradability, however, is not the primary determinant of consumer
choice. Consumerz have demonstrated a preference for liquid detergents
because of its particular attributes. This leads to a demand estimate
of moderate inelasticity in this range.

9.2.3.3 Imports
While imports of EOC are inconsequential, EG imports are

eignificant, accounting for 7.9 percent of U.S. consumption in 1989.
Sizable price increases in EO, which will be reflected in EG prices,
could stimulate import substitution. Nonetheless, it is doubtful that
EO prices will escalate to the point where imports become attractive.
Import substitution should have a minor affect on the domestic EO
market.

9,2.3.4 Elasticjty estimate

Within each end-use sector, demand elasticity is thought to be
well below unity, and varies between highly inelastic and moderately
inelastic. Given the negligible impact of imports, and the importance
of antifreeze in EO end uses, which is highly inelastic, the overall
demand elasticity for EO is estimated to be in the highly inelastic
range of .1 to .34.

9.2.4 Market Structure

Table 9-9 summarizes the parameters for the market structure of
ethylene oxide. Twelve firms are currently producing ethylene oxide.
The four-firm concentration ratio is 62.4 percent, signifying moderate
market power. The HHI is 1,490.1, which falls in the range of moderate
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market power. Captive consumption is 89 percent, indicating a
substantial level of vertical integration. On average, six chemical
compounds are produced at ethylene oxide sitee, suggesting a substantjial
level of horizontal integration. Imperte in the industry are not
important. 1In summary, the ethylene oxide market is estimated as
moderately oligopolistic, and producers will 1ikeiy absorb a portion of
HON compliance costs.

9.2.5 Impacts on PrideI cutput, Total Revenue, and Employment

Impacts on price, output, total revenue, and employment in
the ethylene oxide are presented in Table 9-10.

9.2.5.1 Option One Control Costs

Total industry contreol costs represent the maximum control cost
that an industry will incur. The weighted average percentage price
increase of .31 percent leads to a price increase $.0040 per kilogram.
For the two elasticity levels of ~.1 and -:34, the output reduction is
91 thousand kilograms (.0037%) and 3.1 million kilograms (.104%},
respectively. |

The emallest plant in the industry is facility 12A, which
accounts for 39.6 million kilograms of industry production. If this
plant abgorbs the entire reduction in output, it would lose from .2 to 8
percent of its production. This loas of cutput is unlikely to lead to
closure. Option one costs range from $.0038 to $.0070 per kilogram.
Thus, with this uniformity of control coste, it is likely that output
reductions will be shared across the industry.

9.2.6 Conclusion _

Prospects for ethylene oxide are not particularly strong. This
large-volume chemical -- ranked 16th in U.S. crganic chemical production
-- suffers from low profitability, declining feedstock costs, and mature
end-uses. The range of cost increases is from $.0038 per kilogram to
$.0070 per kilegram. The differential is smal), so the production-
weighted price increase is probably a good estimate of the actual
industry price increase. Closure seems unlikely and the impact of HON
controls is minimal.



TABLE 9-10. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE ETHYLENE OXIDE INDUSTRY!,
OPTION ONE CONTROL COSTS

E - - ]
ag it
-0.1 -0.34
%4 Price (%/kqg) 0.31% 0.31%
s Price ($/kg) S.0040 $.0040
%a Output (%/kg) (0.003%) (0.104%)
& Output (10° kq) {.091) (3.1)
%4 Total Revenue 0.30% 0.20%
4 Total Revenue (10° §) $11.7 £7.8
s Employment (0) (11)

{# of Employees)

'Based on Production Weighted Average Cost
DEFINITIONS:

4 = Change In

Market Price = $1.30/kg

1995 Qutput = 2,973 x 10* kg (based on 1989 production at 2%
: annual compound growth)

1995 Total Revenue = $3,864,989,422.91 (market price x 1995
output)

1995 Employment = 10,742
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CHAPTER 10

CYCLOHEXYLAMINE PRODUCTION

10.1 INDUSTRY PROFILE

10.1.1 Brief Market Introduction
10.1.1.1 Historjcal Overview

Cyclohexylamine is an amine with a variety of end uses. It is
produced from one of two feedstocks, aniline or cyclohexanol, From
1980 to 1989, demand grew on average by 5.5 percent per year.! Price
ercsion characterized the mid-1980s, despite rising feedstock costs.
It was not until April 1, 1988 that cyclohexylamine producers werse
able to push up prices.’ This was due to an increase in the demand
for amines that share capacity with cyclohexylamine.

10.1.1.2 Recent Developments

Prices have recently remained stable after six consecutive
gquarters of growth from April 1988 to Augqust 1989%.%> Table 10-1
tabulates prices over the last year. '

10.1.2 Demand Conditions

10.1.2.1 Uses ohexylamine

Table 10-2 shows the various end uses. Cyclohexylamine'’s use as
a boiler water treatment chemical is stable according to Chemical
Marketing Regorte;.‘

minor recessions because manufacturers’ boilers must continue to run,

The chemical is relatively resistant to at least

even if demand for their product is on the wane. Internal treatment
of industrial and instjitutiecnal water for boilers requires specialty _
products, such as cyclohexylamine, formulated for specific needs of
various applications and leocal conditjons, often varying from plant to
Plant. Cyclohexylamine is used by water management chemical compan;es
such as Betz, Nalco, and Calgon.®

10.1.2.2 Consumption
Total U.S. consumption for 1989 was 5.2 million kilograms.®

10.1.2.3 E=xports
U.S. Exports in 198% were approximately 1.5% million kilograms.’

High production of alternative amines restricted cyclohexylamine
output (facilities are flexible eince they produce a variety of
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TABLE 10-1.

CYCLOHEXYLAMINE PRICES, 1990

Price range

Week Ending (§/kg)
December 21, 1990 $2.98 $3.09
July 6, 1990 £2.87 $3.09

. January 12, 1950

$2.87 -

Note: The historical price (1952-1990):
high $2.87 pger kg
low $0.77 per kg
Discounting is common, especially for large-volume orders.

Sources: Chemical Marketing Reporter, December 24, 1950; Chemical

Marketing Reporter, July 9, 1990; Chemical Marketing
Reporter, January 15, 1990. :
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TABLE 10-2. USES OF CYCLOHEXYLAMINE, 1990

Percent of
Total Consumption

Boiler water treatment 60%
Rubber chemicals 12%
Nylon“chainlterminator 10%
Agricultural chemicals 10%

Miscellaneocus: " _ 8%
Oil field corrosion inhibitors |
Photographic chemicals
Intermediates

Metal extraction

Source: Chemical Marketing Reporter, February 19, 1990, p. 46.



amines). With export prices weakening, the majority of
cyclohexylamine went tc domestic consumeras.® Of U.S. exports a good
portion (1.36 million kilograms) was destined for cyclamate production
in the Far East.’ Cyclamate is an artificial sweetener.

10.1.2.4 Future Prospects

. U.S, demand in 1985 was 5.9 million kilograms; it is forecasted
to reach 6.6 million kilograms by 1994 (representing a 2 peréent growth
rate).” Growth is expected to come from three smaller end markets.
| The first market concerns DuPont. The company is éxpected to
begin preoduction in the United States of a herbicide intermediate
based on purchased cyclohexylamine. DuPont had been buying the
cyclohexylamine-based intermediate from BayerAG in West Germany. The
company ‘s annual CHA requirement is forecasted to be 453,593 kilograms
(8% of 1989 production), most of which is expected to be supplied by
U.S. producers.'!

Ancther market that producers have been watching is the
morpholine market. Cyclohexylamine is a substitute for this rubber
accelerator. Rubber accelerators speed the curing or vulcanization
process in rubber products manufacturing. Overseas, morpholine has been
under scrutiny for several years as a potential carcinogen. If
morpholine is banned or substituted for, cyclohexylamine will gain an
additional 1.4 to 1.8 million kilegrams per year of extra demand (24% to
31% 1985 production)."

Besides these two markets, cyclohexylamine has a significant
potentidl market gain in the cyclamate area. Cyclamate is an artificial
sweetener which uses cyclohexylamine as a feedstock. It is currently
being examined by the FDA; approval is expected."” This market
represents a pdtantial 2.3 to 6.8 million kilogram gain (39% to 115% of
1989 production)."

10.1.3 Supply Condjitions
10.1.3.1 Preoduction Processes

As previously stated, cyclohexylamine is produced using
either one of two feedstocks. It can be produced through the
aminatioa of cyclohexanol or through the hydrogenation of aniline.

10.1.3.2 Domestic 8 and To oduct

There are only two producers of cyclohexylamine in the United
States. They are Air Products and Hoechst Celanese. As indicated by
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Table 10-3, their combined capacity is 13.6 million kilograms per
year from three different facilities." Although nominal
cyclohexylamine capacity ie well in excess of U.S. demand, in practice
thie capacity is shared with other amines made in the same facilities.
Thus, capacities are coneidered to be flexible. Air Products’
Pensacola, Florida plant uses cyclohexanol amination while its
Wichita, Kansas plant uses aniline hydrogenation. Both processes are
used at the Hoechst Celanese plant.

' Total U.S. production in 1989 was 5.9 million kilograms.'s
{This figure was derived by adding exports and subtracting imports
from total U.S. consumption. It was assumed that there was no change
in inventory.)

10.1.3.3 cCoste of Production

According to one source, from 1986 to 198%, cyclohexylamine
producers were “plagued by rising costs for both possible raw
materials," aniline and cyclohexanol." Despite the cost increases,
cyclohexylamine prices ercded in the mid-1980s. This happened because
demand declined for boiler water treatment chemicals and agricultural
chemicals. It was not until 1988 -- when there was increased demand
for amines, which are also produced at facilities that produce
cyclohexylamine -- that tightened supplies of cyclohexylamine allowed
producers to increaee prices. Demand for all of the major end uses of
cyclohexylamine rose and also helped to increase prices.

Both aniline and cyclohexanol are derived ultimately from
benzene. 1In 1990, list prices for both aniline and cyclohexanol were
relatively unchanged.®

10.1.3.4 Imports

Cyclohexylamine is alsc imported to the domestic market. The
'predominant foreign supplier is BASF, which has production flexibility
at ite plant in Germany. Other firms that have been factors from time
to time are Imperial Chemical Industries PLC and Bayer AG. It should
be noted that BASF has picked up most of Bayer’'s business.

Imports in 1989 totalled 907,186 kilograms.' Currency
exchange rates continue to determine the degree of market penetration

that imports will achieva. .

' Cyclohexylamine growth will be fueled by its continued use in
boiler water treatment and by the three smaller end markets previously
mentioned. These include herbicide intermediate production,
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TABLE 10-3. U.S. PRODUCERS OF CYCLOHEXYLAMINE, 1990

Capacity
Company Plant Location {10®* kg/yr)
Air Products Pensacola, Florida . 4.53
Wichita, Kansas 4.53
Hoechst Celanese Bucks, Alabama 4.53
13.59
Source: -cheﬁical Market ing Reporter, February 19, 1980, p. 46.

10.1.4 Future Market Prospects
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substitution for morpholine accelerators, and cyclamate production.
All three, especially cycliamate, provide growth opportunities.

10.2 ECONOMIC IMPACT ANALYSIS

10.2.1 HON Compliance Costs

A synopsie of annualized control costs and summary statistics
for cyclohexylamine production facilities and production processes is
presented in Table 10-4. Costs are displayed for option one control
costs, which are estimates of the actual control costs that facilities
are likely tc incur. PFigure 10-1 presents the option one control
-scenario graphicallj; Two facilitlies are displayed.*

Cyclohexylamine is currently produced by two processes:
hydrogenation of aniline (process A) and amination of cyclohixanol
{procese B). Option one control production weighted avafage costs
are $.0242/kg for process A, and $.0012/kg for procees B. The sizable.
cost differential between processes is masked by the indumstry
- production weighted average of $.0184 per kilogram. This
differential could encourage use of process B. Facility 1 A&B, which
~has the capability to use both processes, could devote more of its
capacity to producing via process B, alleviating its cost burden.
FPacility 2A, which uses only process A, could be at a competitive
disadvantage.

-+ 10.2.2 Pricing

The price employed in the HON analysis for cyclohexylamine is
$2.87/kg. Spot prices routinely exceed actual contract prices in this
induetry, as discounting is common. As such, impacts based on this
spot price are apt to be understatad. However, the most recent spot
price avallable is $3.09/kg. 1If this is indicative of increasing
contract prices, it may help to offset the understatsment.

10.2.3 Rlasticities

The demand elasticity for cyclohexylamine is estimated on the
basis of available substitutes for cyclohexylamine, as well as
substitutes for end-uses. The potential for import substitution is
also sxﬁmined.

*In May 1989, a new facility was opened, with a capacity of 4.53 x 10°
kg/yr. This facility employs process B. This plant is subject to HON
controls, but opened after industry control costs were calculated.
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TABLE 10-4. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR CYCLOHEXYLAMINE PRODUCTION
FACILITIES AND PRODUCTION PROCESSES

I . __ e

Control Costs

Annual Production Option One Control

Facllity/(Process) : (10° kg) ($/kg)
1AKB 2,95 $.0166
2n ' 2.95 $.0203
Contr sts B
Process A (hydrogenation of 4.426 §.0242
aniline)
Process B (amination of 1.476 $.0012
‘cyclohexanol :
mmar =g -]
Mean $.0178
Production Weighted $.0184
Average
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Option One Control Cost

$/kg |

0.0700 -
0.0675 -
0.0650 -
0.0625 -
0.0600 -
0.0575 -

- 0.0550 -
0.0525 -
0.0500 -
0.0475 1
0.0450 -
0.0425 -
0.0400 -
0.0375 -
0.0350 -
0.0325 {
0.0300 -
0.0275 -
0.0250 -
0.0225 -
0.0200 -

FIGURE 10~4, CUMULATIVE ANNALIZED COSTS PER KILOGRAM OF HON CONTROLS

FOR CYCLOHEXYLAMINE PRODUCTION FACILITIES

0.0175 a8
0.0150 4
0.0125
0.0100 -
0.0075 -
0.0050 -
0.0025 1

Production—Weighted Averoge

&

_ ¥ I 1 1 — + i 1 1 _
1,000 11200 1400 1,600 1,800 ;e 2,200 2,400 2,600 2,800 3 g0

Millions of kg of Output
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10.2.3.1 Demand Elasticities

10.2.3.1.1 Bojiler Water Treatment. Currently, &0 percent of
cyclohexylamine is used ae a corrosion inhibitor in steam boiler

systems. Corrosion inhibitors are sold in inhibitor packages for
specific steam boiler systems. While a variety of different packages
are available, these packages are tailored to unigue applications and
local conditions. Given this specialization, it is safe to assume
that firms would be reluctant to alter the inhibitor package if it
would alter the performance of the whole system. Elasticity is judged
as moderately inelastic in this sector.

10.2.3.1.2 Rubber Chemigals. Twelve percent of cyclohexylamine
ig used in the rubber chemical market as a rubber accelerator. A
close substitute, morpholine, is under legislative scrutiny in the Far
East and Europe, due to stable, carcinogenic nitrosamine emissions.
Cyclohexylanine and other amines emit nitrosamines which are less
stable and break down more easily in the atmosphere. RAlready, a shift
towards cyclohexylamine has begun. Both Goodrich and Goodyear Tire
and Rubber Company have ceased development of morpholine-based
projects. In this mérkat, the demand for cyclohexylamine is regarded
as moderately inelastic, owing to the declining attractiveness of

morpholine as a substitute.

10.2.3.1.3 Nylon Chain Terminator. As a nylon chain terminator,

cyclohexylamine makes up a minuscule share of the input requirements
for nylon production. 1In addition, attempts to substitute terminators
must be tempered by concerns about altering the polymerization
process, and, ultimately, the guality of the finished product.
However, other terminators are available on the market. Hgre, demand
appears to be moderately inelastic.

10.2.3.1.4 pgricultural Chemicals. A variety of amines are used

in the agricultural chemical (agchem) industry, predominantly as
herbicides. Value of sales for agricultural chemicals in 1991 is
estimated to exhibit real growth of 5.9 percent.® Herbicides are the
fastest-growing sector in the agchem market. )

A recent development in this market is E.I. du Pont de Nemours &
Co.’'s start-up of an intermediate plant geared for the production of
-Velpar (an herbicide). Cyclohexylamine is a necessary input in the
Velpar production process, which indicates moderately inelastic
demand, at least in this particular production process., Currently,
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10 percent, or 590,000 Kg of cyclohexylamine output is used annually
in the agchem industry. DuPont‘s projected annual cyclohexylamine
regquirement is 453,593 Kg, which is a 76 percent increase in domestic
cyclohexylamine demand within the agchem sector.?

10.2.3.2 Imports

In 1989, importes were 15.4 percent of domestic production.
Historical trends are unavailable. The ability to recover compliance
costs through price increases eould be hindered by potential losses in
market share to imported cyclohexylamine.

10.2.3.3 Elasticity Estimate
In each case, the demand elasticity ie clearly in the inelastic

range. Based on this evidence, the demand elasticity for
cyclohexylamine is estimated to be in the moderately inelastic range
of -.34 to -.67, '

10.2.4 Market Structure

Table 10-5 summarizes the parameters for the market structure of
cyclohexylamine. Two firms are currently producing cyclohexylamine.
Thus, two-firm concentration ratio is 100 percent, signifying
gubstantial market power. The HHI is 5,S55.5, which falls in the’
substantial range of market power. Only cyclohexylamine is produced at
each facility. Imports in the industry are moderately important, and
might affect the pricing discretion of domestic producers. In additien,
it is a specialty chemical produced in small volumes and tailored to
specific needs. In summary, the market structure for cyclohexylamine is
highly oligopolistic, and firms will likely absorb a signifjicant portion
of HON compliance costs. '

10.2.5 acte on Price, Output ot Revenue d loyment
Impacts on price, output, total revenue, and employment in the
cyclohexylamine industry are presented in Table 10-6. '

10.2.5.]1 Optjon One Control Coste

Option cne control costs represents the actual estimated cost that
an industry will incur. The production weighted average percentage
price increase of .64 percent leads to a price increase of's.0184 per
kilogram. For the two elasticity levels of -.34 and -.67, the output
reduction is 15 thousand kilograms (.22%) and 29 thousand kilograms
{.43%), respectively. '
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TABLE 10-6. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE CYCLOHEXYLAMINE INDUSTRY',
OPTION ONE CONTROL COSTS

%2 Price (%/kg) 0.64% 0.64%
Ao Price (§/kqg) $.0184 $.0184
%4 Output (%/kg) (0.22%) (0.43%)
& Output (10° kg) {.015) (.029)
%4 Total Revenue 0.42% 0.21%
4 Total Revenue (10° §) $.083 $.041
4 Employment _ (0) {0)

(# of Employees)

'Based on Production Weighted Average Cost
DEFINITIONS: '
4 = Change In

Market Price = $2.87/kg

1995 Output = 6,779.5 x 10°® kg {(based on 1989 production at 2
_ percent annual compound growth)

1995 Total Revenue = $1%,457,287.87 (market price x 1995 output)
19595 Employment = 55
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Both plants are of the same size, each accounting for 2.95 million
kilograma of industry production. Facility 2A is the highest cost
plant. If this facility absorbs the entire output loss, it would
lose from .5 percent to .98 percent of ita production. This reduction
is not likely to lead to cleosure. 1In this scenario, no employment loss
is projected.

10.2.6 Conclusion

.CQmpliance costs at the facility level range from $.0166 per
kilogram to §.0203 per kilogram. This is a small differential, and so
the preoduction-weighted average price increase is probably an accurate
estimate of the actual price increase. Cyclohexylamine is a
small-volume, specialty chemical. If the highest cost plant is the
margina) facility, the maximum price increase will be $.0203. 1In this
scenario, plant closure is nevertheless unlikely. However, a shift in
process, favoring process B, is possible.

10.2.7 References

1. r"Chemical Profile -- Cyclohexylamine.™ amjcal Marketin
Reporter, February 19, 19%0, p. 46.

2. "Cyclohexylamine Seen Reaching Fair Value." Chemical
Marketing Reporter, August 28, 198%, p. 5.

3. Reference 2.

4. Reference 2;

5. "Speclalties '90." Chemical Marketing Reporter, April 30,
1990, p. SR34.

6. Reference 1.
7. Reference 1.
8. Reference 2.
é. Reference.z.
10. Reference 1.

11. "Amines Market Shift Favors Cyclohexylamine." Chemical
Marketing Reporter, May 7, 1990, p. 5.

12. Reference 11.
13. Reference 11.
14. Reference 11.
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16. Reference 1.
17. Reference 2.
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TABLE 11-3. MARKET STRUCTURE CHARACTERISTICS FOR

HYDROQUINONE
Captive Other Chemicals
4-Firm Consumption Produced At Site
Number Concentration {Vertical {Horizontal
of Firms Ratio HHI" Integration) Integration)
2 100% 5,683.4 N.A. 6

‘Herfindahl-Hirschman Index
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LIS

A Output (10" kg)

%4 Total Revenue
& Total Revenue (10° $)

a Employment =
{# of Employees)

'Based on Preoduction Weightet
DEFINITIONS:

& = Change In

Market Price = $5.12/kg

1995 Output = 13.8 x 10° kg |

1995 Total Revenue = 570,750
1895 ou

1995 Employment = 193

11-1
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FIGURE 11-2
CHEMICAL TREE
BENZENE
P
process 71432c: pyrolysis gas 4 hydrogen
(1333740)
rocess 714
L toluene P
(108883)
LP-- xylenes -——-S-P—
(1330207)

bipheny
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FIGURE 11-3
CHEMICAL TREE

HYDROQUINONE

process 62533b:

process 1319773a: spent refinery gas

process 108952a: cumene
(98828)

. ‘ <]
benzene + propyene ——I

phenol + ammonia
(108952)  (7664417)

icp

-F:-cresols/cres;dic ac
(1319773)

CP xylenol
éi - {130076)
—P—-—- acetone

(67641)

L CP a—~methyl styre
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Ethylene glycol (also refer
principal derivative of ethylene
of total ethylene oxide consumpti
the ethylene glycol produced in t
merchant market.?

12.1.1 Brief Marke
12.1.1.1 Historical Overvi
Table 12~1 lists the averag
from 1980 to 1989. Prices reache
1989 after a low of 37 cents in 1
attributable in part to the fast

12.1.1.2 Recent Developmen

Preliminary list prices in
range of 60 to 62 cents per kilog
than 1589 because of excess suppl
decline in exports to the Far Eas
with the onset of winter as deman
The current Middle East
There is some worry about how the

was up.’

producer of ethylene glycol.®

12.1.2 pemand Conditjiong
12.1.2.1 Uses for Ethvlens

Table 12-2 shows the variou
Antifreeze is the largest end use
Polyester fibers (3
wﬂoncnﬂm including textiles, carp

consumption.

uses of ethylene glycol (17 perce
pelyester f£film, and other polyest

12
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Polyester bottle resin

Polyester film and other resins

Other*

*Used as a solvent, alkyd, in polyt
intermediate for various esters a

Source: Chemical & Engineering Ne
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sl

- 1987

1986
1985
1984
1583
1582
1981

1980

‘Production plus imports,
tory changes are ignored,
of consumption.

Sources:

"N.A. - Not available.

Chemical & Engir
p- 3%; Mannsvill

"Chemical Produt
Glycol." August
of Commerce, Int
ticon, Trade Dat:
tion, 1/24/91).
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reactor. The ethylene oxide is hy
glycol and di~ and triethylene gly

i

the preferred product, water is us
heavier glycols. Enough residence
_ . oL : . non-catalytically react just about

» u “r‘._ S M.. R . S L feed. The water is stripped from

L AP S A S . _ e ends column after a series of evar
._Hw: N h . vacuum towers produces specificati
triethylene glycol.

12.1.3.2 Domestic Producers

There are ten companies prod

States.” In Table 12-5 the plant

firm are listed. For 1990 total i

kilograms. Capacjity utilization r

percent in 1989 and were expected

Total U.S. production in 198

level (see Table 12-6). Despite i

\ . . alightly because of the inroads ma

7 B . _. : of consumption in 1988 to 7.9 perc

12.1.3.3 Costs of Productig

Production costs for athylen
price of its feedstock, ethylens o
dependent on the price of ethylene
ethylene oxide.

L%
<
¥
k-

12,1.3.4 Imports

Import data from 1980 to 198
o : _ . Imports have reached a level of 17
- : . . S _ . somewhat of a dip in 1987 and 1988

v

g
s

<
,‘_,,’::}éh_.

12-
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L i _ v 1986
-~ - . . L P .

| o 1985
R 1984
1983
1982

1981
1980

Source: Chemical & Engim
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Canadian plant and adding capacit
this planned capacity does come @
down to 67 percent by 1995 (versu

Coats of production will hi
in particular. Ethylene prices a
capacity and lower feedstock cost

With respect to imports, ma
part on ncuumunw.manrw:am rates a
for oﬁS%Hm&m glycol.

12.1.4 Future mwnwmm Prospects

The forecasted growth rate
very well prove true, since most
mature products.® The cyclical n
to a low forecast. The majority

‘used in bottling and packaging.?

export levels will continue depen
Easgt.Z

12.2 ECONOMIC IMPACT ANALYSIS

12.2.1 HON Compliance Costs

A synopsieg of annualized cu
atatistics for ethylene glycol fa
Coste are presented for option on
egtimate of the actual control cc
incur. Figure 12-]1 illustrates
graphically. Eleven facilities a

Ethylene Glycol (EG) is cux
athylene oxide. Since this is th
analysis of separate process cost

12
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sty

$/kg }

0.0700
0.0675
0.0650
0.0625
0.0600
0.0573 -
0.0550
0.0525 -
0.0500
0.0475%
0.0450 4
0.0425 -
0.0400~
0.0375 4
0.0350

FIGURE 12-. CUMULATIVE ANNUALIZED COSTS PER KILOGRAM OF
FOR ETHYLENE GLYCOL PRODUCTION FACILITIES

Control Cost
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market power. The HHI is 1,670.5
market power. Captive consumptic
level of vertical integration. ¢
produced at ethylene glycol sites
horizontal integration. Imports
summary, the market structure for
oligopolistic, and firms will lik
costs.

Impacts on price, output, t
ethylene glycol industry for opti
Table 12-10.

12.2.5.1 Option One Contro

Option one contrel coste re
control cost that an industry wil
percentage price increase of .40
§.003% per kilogram. For the two
the decrease in output is 3.0 mil
kilograms (.27%)}, respectively.

Facility 11A, which is the
in the industry, accounts for 6S.
production. If this facility abs
logse from 4.6 percent to 9.2 perc
unlikely to lead to closure. Los
7 to 15 employees.

12.2.6 Conclusjon
Ethylene glycol is a large

chemical, ranked 1l4th in U.S. org
of costs in the option one contro
The cost differential is small, s

12-
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& output (10" kg)

%4 Total Revenue
"4 Total Revenue (10° §)

& Employment
{(# of Employmas)

'Based on Production Weighte:
DEFINITIONS:

4 = Change In

Market Price = $0.88/kg

1995 Output = 2,246 x 10° kg
percent annual compound grow

1995 Total Revenue = 51,976,
output}

1985 Employment = 5,385

12-1
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FIGURE 12-2
CHEMICAL TREE

ETHYLENE GLYCOL

process 107211a: ethylene oxide + water

(75218)

P ethyl
(7732185) |
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Styrene is the largest derivative
its precursor ethylbenzene -- for
consumption in the ¥.8.2 Styrene
production of ﬁowwamum.nmwuﬂrmnwn
used in such broad applications a
transportation, appliances, and e

13.1.1 Brief Market Introduction
13.1.1.1 Historical Overvi

Average realized prices of
in Table 13~1. Data were not ava
doubled from 1986 to 1988, in par
styrene derivatives markets. Als
prices from 1986 to 1988 were tig
rationalizations (reductioneg) in
subsequent scheduled and unachedu
of styrene reached an all-time hi
pound ($1.10 per kilogram). The
gecond half of 1989 in response t
markets and lower raw materials c

. From 1979 to 1988, domestic
demand for U.S.-produced styrene
percent per year.?

13.1.1.2 Recent Developmen

From the first week of 1990
contract (list) price of styrene
(77-84 cents per kilogram) to 44.
kilogram)}. This did not reflect

13
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13.1.2 Demand Copnditions
13.1.2.1 Uses for Styrene

Styrene is used to make pol;
eynthetic rubber. - It is alsc use«
derivatives have a broad range of
construction, automotive, and hou
end-use industries are cyclical, -
conditions. Packaging is the sin

The distribution of styrene:
Polystyrene is by far the most im
prercent of styrene consumption. 1}
primarily in disposable food servi
packaging (17%), consumer and inst
electrical /electronic products (1:
increased by an average of 8.5 pe:
before declining by 1.6 percent fi
1990, production of polystyrene ir
the same period in 1989.7 Polysty
problems related to the difficulty

The second most important ue
butadiene-styrene (ABS). Like pol
plastic resin. Principal uses of
appliances, electronic products su
telecommunications equipment, and
production of ABS in the U.S. wag
period in 198%.°

Styrene-butadiene rubber (SE
account for six parcent of atyrene
largest-volume synthetic rubber in
of production in 1989.% Approxima!

13-
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depends on conditions in the mark

13.1.2.2 Consumption
Apparent consumption (produ

styrene in the U.S5. in 1580 and f
13-3. oozmsaﬂﬁwou increased eact
record year for styrene consumpti
etrong growth in derivatives mark
Congumption declined in 1989, in
production of derivatives.

13.1.2.3 Expeorts
Table 13-4 tracks U.S. expc

end of the decade, exports were &
However, exports Msnﬂowwmu 16.3
1988 to 607 million kilcograms in
in the U.Ss., mn%nmzm was second ¢
volume exported.'' Exports in 198
styrene output.

U.S. exports of styrene wer
1990."7 Following the Iragi invas
the Far East were running short c
result, they were importing U.S.-
needs. .

13.1.2.4 Future Prospects

The consensus forecast for
both in the U.S. and worldwide, i
Mannsville Chemical Products Corg
percent per year forecast is "ass
1980 does not persist inteo 1991."
represents an improvement from th
1988 in domestic and export deman

13
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1986 593
1985 _ 603
1984 " . N.A.
1583 .z.w.
1982 N.A.
1981 N.A.
1980 . 547

N.A. — Not available.
‘See Table 13-6.

Sources: Mannsville ¢
"Chemical Pr
Styrene," Jz

Marketing Re
p. 12.
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TABLE 13-5. U.S. PRODUCERS OF STYRENE, JANUARY 1991, WITH PLANNED CAPACITY EXPAN

Changes
to Capacity, _
Capacity, August 1989- - Planned Capa
Auaust 1989 January 1991
Company Plant Location (107 Mg/yr) (109 mg/yr) 103 Mg/yr ~ Comp
Amoco Texas Ctty, TX 408 - -
Arco ‘Beaver Valley, PA2 102 - - _
| Channelvilie, TXV 594 - 510 Late 1
Chevron St. James, LA 283 - 408 Februa
Dow Freeport, TX 680 - 454 - Origin
Fina ‘ Carville, LAC 340 + 91 (1Q 1990) - '
GE Plastics . Carville, LAC 340 + 91 (1Q 1990) -
Hoechst Celanese Bayport, TX 454 + 91 (20 1990) -
Rexene® Odessa, TX 145 - -
Sterling Chemicals Texas City, Txf 680 - -

Dettech Corp./Polyserd  Baton Rouge, LA - | - 454 Detaye:
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1986
1985
| . | . | | . 1984 S

1982

N - o : 1981

o - | - co _ . 1980

. | o .J_.. .u . S ..‘.w. g K Source: Chemical & Engir
T o . o . o - 1990, p. 39.

T
Wil

g N . < TR .._ N . . - : S . o . . 13=1



‘gt *d ‘0667 ‘s yoxew ‘Fejiodsd

BUfI3aen (eotuayy {0661 AIrnuep ,'suaxiiys -~ stsdouds
glonpoxd TeoIwayn, ‘- diop sjonpoad TeoTwsY) BTTTASUUBK S90IN0S
*E-£7 SIqe]l aa§,

*aTqelTeRA® JO0N - "¥°N

$5°0 T : : 0861
"N WUN 18:1
“¥°N S N 2861 . -
o WUN €Q6T | o S
“W'N _ N v86T . |
2z°€ 56 - 86T
vy b1 9861 . S
18°G €61 86T S
sL°§ E12 8861
29°8§ : zZ8t - sg6l
JuoT3dunsuocy | (x&X/By ,01)
"§°n 30 JuIDaAg K3T3uend

686T-086T ‘ENIHXLS 4O SIMCAWI S°n “L~£T1 TTEVL




A
o

With capacity expected to i
demand, styrene operating rates w
operating rates in the U.S. have
90 percent of nameplate QWUNGWﬂ%.
1990.*® One forecaster predicts t
fall to 82 percent in 1991 and 78
13.1.4 Future Market Prospects

Both in the U.S. and worldw
increase by around three percent
Overcapacity threatens, however,

capacity has been projected at 5.
likely be lower operating rates,
profitability. Because a lot of
Far East, a key export market for
of styrene are likely to diminish
The current contract price
cents per kilogram), is affording
cent per pound (31 cent per wwwoa
This margin is not likely to last
expected very soon to be under pr
impetus behind falling prices sho
markets and new capacity, includi
Channelview, Texas facility, down
Chevron’s new capacity in St. Jam

13.2 ECONOMIC IMPACT ANALYSIS

13.2.1 EON Compliance Costs

A synopsis of annualized co
for styrene production facilities
presented in Table 13-8. Costs a
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e

competitive
advantage.

13.2.2 pPricing

Styrene prices are mmﬂmuswam
coats and end-use demand. Benzene
processes, and is an important det
Projected to increase by 5.6 perce
put upward pressure on styrene pri
benzene prices themselves are depe
factors and have been volatile. A
in 1989 were 72 cents per kilogram
available at the time of this writ
Stable growth in the styrene marke

13.2.3 Elasticities

Demand elasticities for styr
of available substitutes for styre
end-uses. The potential for impor

-13.2.3.1 pemand Elastjcjties

13.2.3.1.1 Polystyrene
Polystyrene is far and above

etyrene, accocunting for 63 percent
the polymerization of styrene, pot
must be examined.

The physical properties of p
addition of modifying agents to ma
products. Many specialty uses for
substitute for. However, as dispo
packaging material, polystyrene fa
high~density polyethylene, polypro
and natural fibers (e.g. paper), a

13-1
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rubbers, the bulk of which are us:
rubbers, which have a wide variet:
for 17 percent of U.S. styrene co
styrene, a specialty synthetic rul
styrene-butadiene rubber, a generi
remaining 6 percent.
synthetic rubbers generally varie:

The share o

Because of their cost advani
during use, general-purpose synth¢
market share from natural rubbers
automobile tires, since their ince
addition, natural rubbers cannot }
is contact with naphtha because t]
This, too, encourages the use of i
rubber, and indicates a moderatel)

8till, natural rubbers have
For example, natural rubber perfe:
large, heavy-duty truck and bus t!
are blended with synthetic rubber:
for use in automobile tire manufac
to radial tires has led teo an inc
natural rubber has a higher degres
rubbers in the manufacture of radi
for substitution, styrene demand |
considered to be slightly inelast]

Acrylonitrile-butadiene-sty:
for. This nitrile rubber is solws
applications as gaskets, oil and ¢
electrical insulation, and food w1
guitable for these purposes. Here
moderately inelastic.

13,2.3.1.3 Styrene-Butadient
The addition of more than 5(

13-
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TABLE 13-~9. MARKET STRUCTURE CHARACTERISTICS FOR

STYRENE
— —
Other Chemicals
Captive Produced at
4=-Firm Consumption Same Site

Number of Concentration {Vertical {Horizontal

Firms Ratio HHI" Integration) Integration)
12 : 62.3% 1,304.4 48% 4

"Herfindahl-Hirschman Index
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%s Total Revenue
4 Total Revenue (10° §)

4 Employment '’ )
(# of Employees) .

‘Based on Production Weights
DEFINITIONS:

a4 = Change In

Market Price = §D0.72/kg

1995 Output = 4,290 x 10% ke
1995 Total Revenue = $3,089

1995 Employment = 8,418
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FIGURE 13-3
CHEMICAL TREE

BENZENE

process 71432c: pyrolysis gas + hydrogen
(1333740)
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MELLVEU LIV Hewnancl ana 15 ne
percaent of total consumption in 1
formaldehyde uses have some conne

14.1.1.1 Historical Overv.
Table 14-1 lists the averad

from 1980 to 1989. Prices were s
per kilogram rose to 20 cents bec:
price fell back to 16 cents in 19
slump in the construction sector.

Discounting is common. Tri
misleading. The price of formald:
its feedstock, awwsmsoH. The acce
each 1.0 cent per gallon change i:
0.22 cent per kilogram change in t

14.1.1.2 Recent Developmer

The trade list price of fo:
cents per kilogram in January to :
recent price (February 1991) was :
rose despite the downturn in the ¢
because the price of smn:msow rose
1990 to 57 cents per gallon in Fek
4 cent price increase for formalde
increase in raw material cost.

14.1.2 Demand Conditions
14.1.2.1 Uses for Formalde
Table 14-2 lists the wvariou
consumption. Almost a third of fc
the manufacture of urea formaldehy

resins are used as bonding adhesiv

14-



“686T '886T

‘STeoTWaUD DTI9UJUAS ‘UOTSSTUNOD

. 8peal TRUCTIRUIEIUI °S°0 f066T ATND

« 'opiyzsprrwiog--sr1sdouds gijonpoad TeoTWsd,
‘{+daop syonpoxd TESTWSY) STITASUURKY 880INOS

*9TqETTRAR 30N - “¥°N

5T 086T
“¥°N 1867 B
“¥°N . zg6eT -
0N . . €861
¥ ve6T | ]
€T 586T . R
€T . 9861 . | u
€T L86T
0z 8961
9T 6861
(Bx/3)
@0t1agd
686T-086T

'JAAHICTVREOS J0 FOIYd QIZIIVIY FOWHIAY “T-9T TV




96. E
-
5%

1,4-butanediol

Acetal resins
Hexamethylenetetramine
Pentaerythritol

Melamine formaldehyde resins
Methyl diphenyl diisocyanates

Miscellaneocus

Source: Mannsville Chemical Prod
Synopsis -- Formaldehyde
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1988
1987
1986
1985
1984
1983

1982
1981
1980

*Production plus imports
inventory changes are
fied estimate of consu

*Derived in part from t!
itself an estimate.

-~ Not available.

Chemjcal & En
1990, p. 39;
March 5, 1990
Products Corp
Synopsis —— F
U.5. Internat
Synthetic Org

z.”.

Socurces:
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mature.'® The best growth prospec
growth annually through 1994) am
been growing at 10 percent per y¢
alternative production processes
being developed.®

In July 1980, total domest
forecast to reach 3.4 billion kil
represents an average annual groy
1994.% This may depend on the le

recession, however.

14.1.3 Supply Conditions
14.1.3.1 Production Procs

Formaldehyde is manufactuw
The first is the silver-catalyzet
dehydrogenation and oxidation is
methanol, air, and steam is preh:
silver-crystal catalyst. Formalc
dehydrogenation of methanol. To
solution, exit gases are guenche

Alternatively, the metal ¢
the oxidation of methanol over a
oxide. An air and methanol mixt:
catalyst-packed reactor tubes. 1
absorption tower where demineral.
the formaldehyde solution is col.

Comparing the two manufac
provides a greater formaldehyde
higher than in the silver-cataly:

14.1.3.2 Domgstic Produc
Table 14-5 lists the dome:

there are 15 firms with a total

k¥
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Hercules

Hoechst Celanese

Monsanto

Quastra
Chemicals®

RVP
Spurlock

Wright Chemical

Hampton, S8C
Lufkin, TX
Russellville, Si
Taylorsville, M
Vienna, GA

HOSwmwmum. MO

Bishop, TX
Newark, NJ
Rock Rill, SC

Alvin, TX
Springfield, MA

"Allentown, PA

White City, OR
Waverly, VA

Acme, NC

*To be closed in early 1991.

bSubsidiary of Rhone-Poulenc Inc.

Sources:

Mannsville Chemical Pro

Synopsis -~ Formaldehyd
1990 Directory of Chem
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if these regulations will become m

Total domestic demand is for
by 1984 (an average annual growth

Production will also be depe
demand for formaldehyde derivative
is not expected to change.” Futur
may employ two new prccesees. Cur
methods are the direct oxidation o
methylal.

14.2 ECONOMIC IMPACT ANALYSIS

14.2.1 HON Compljance Costs

A synopsip of annualized cum

statistics for formaldehyde facili

Costs are displayed for option one
estimates of the actual costs that
Figure 14-1 illustrates the contro
facilities are displayed.
Formaldehyde is currently pr
hydrogenation of methanol (process
(process B). It is noted that the
processes is masked by the product

14.2.2 Pricing

Average realized prices for
for most of the 1980a. The 1989 p
penny higher than the 1980 price.
on prices ies the seemingly perpetu
industry and moderate-growth end u
oversgtated due to uhunwcanwso. Mhn
prices stemming from the Persian G
pre-war levels. In addition, lowe

14-;
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34A 259.2

35a 24.5
368 = 32.6
37B © o 32.6
_ 3sa 26.5
AERC R . 398 30.6
. i - a0a 21.8
o . 41a . 19.7
428 . 21.8
43B 18.4
44n 15.6
45n 15.6
46A 12.2
Process A 2,161.0
{Hydrogenation of
Methanol)
. o Process B (Air 770.4
N ) : oxidation of
. Methanol)
Summary Statistics
Mean
Production
Weighted Average
. i a \
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substitutes for end-users. The p
also examined.

14.2.3.1 Demand Elasticitje
14.2.3.1.1 Urea Formaldehyd

Urea formaldehyde resins an
principal end use for formaldehyd
consumption. These amino resins ;
plywood and particle board manufas
resins, another end use accountini
demand, can be a substitute for U
used in conjunction. Not only th
other would result in minimal cha
both are made with formaldehyda.
in existence for UFR in this indu

inelastic in thie sector.

14.2.3.1.2 Pheno]l Formaldeh:
Phenolic resins make up 24 )

There are many alternatives to th
attractive owing to their low cosi
re-upe/recycling, and deficiency .
more expensive thermosets such as
products are sometimes employed.

moderately inelastic in this sect«

14.2.3.1.3 1.4-Butanedjol
1,4-butanedliol accounts for

and has been the fastest growing i
however, at least two other proce:
1,4~butandiol which don‘t use for:
process routes are likely to be m
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TABLE 14-9. MARKET STRUCTURE CHARACTERISTICS FOR

FORMALDEHYDE
- o . — ———
Number of 4-Firm
Firms Concentration Vertical - Horizontal
_ Ratio HHI" Integration Integratlion
17 77.5% 1,627.4 49% 1

‘Herfindahl-Hirschman Index
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approximately eguivalent to the co
facilities in the industry. Hence
formaldehyde industry, if these fa
entire loss in output. However, i
adjustment will be shared across t
ig estimated to be from 14 to 27 e

It is quite possible that HO
substitution, and the introduction
horizon. Process B costs exceed p
process A users a competitive adva
processes are currently in the dev
these processes involve feedstocks
regulations. While process B coet
unlikely that HON controls will le
process A if these new processes a
compliance costs will preobably imp
This will not, however, cause a de
market, as output will simply shif
possible effect toc look for would

14.2.6 Conclusgion
Formaldehyde is a large volu

ranked 1l1lth in U.S. organic chemic
$.0013 to 5.0149 per kilogram. Pr
contrels could lead to closure, as
relatively small, and most produce
should be minimal as new proceeses
industry is expanding at approxima
help to alleviate impacts.

14.2.7 References

1. Mannsville Chemical Products
—-- Formaldehyde." Asbury Pa
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and lacquers. Acetcne is also a
for pharmaceuticals and antioxida
acetone production was sold on th

arket Introducti
15.1.1.1 Historical Overv:

Average realized prices of
in Table 15-1. Data were not ava:

15.1.1

price increases from 1987 to 1989
demand. Acetone Uum,mxwmﬂwmnnmm4
for coproduct phenol, which has di
"producers are not going to make r
prices."? Phenol demand is down b

automobile and construction, are l

Hm.p.p.u Recent Developme:

The list price for aceteone
cents per pound (84 to 90 cents px
8 to 10 cents per pound {17 to 22
1990.%" fThe price increase result
benzene and propylene.® Continued
the price increase. Prices are &
1991, particularly if phenol demar

15.1.2 Demand Conditions

15.1.2.1 Useg for Acetone
The distribution of acetons

Methyl methacrylate (MMA) and oths
derivatives of acetone, accounting
Two major consumers of MMA are the
industries.® MMA i used in a var
production of cast and extruded sl

15-
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Solvent-direct use
Bisphenol-A
Methyl isobutyl ketone

Other solvent derivatives

- Miscellaneous

Manneville Chemical Pr¢
Synopeis -- Acetone,” (

Source:
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_ S - : o inventory changes are
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dacline due to environmental conce
solvent reccvery, and contrel of {
as some chlorinated solvents are 1

:

15.1.3 Supply Condjtion
15.1.3.1 Production Propces

Acetone is produced almost
or isopropyl alcchol {isopropanocl,
acetone is produced as a coproduci
hydroperoxide. Phenol is conside;
isopropanol~based process, acetont
with no byproducts. A small amou!
hydroguinone production.

15.1.3.2 Domestic Produce
In July 1990, there were n

produced acetone via cumene perox
15-5 details the nine companies a

facilities produce acetone as a ¢

peroxidation. These facilities a
kilograms, or 80 percent, of tota
produce acetone via the isopropyl
capacity). HmomnoUw=OH|memn fac
discretionary suppliers based on
companies produce acetone as a by
Eastman, at Kingsport, Tennessee,
kilograms of capacity and Goodyea
million kilograms.'” U.S. acetone
million kilograms.

As shown in Table 15-6, U.
9.6 percent from 1988 to 1989, re
level of the 1980s= (1,145 millier
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upward pressure on acetone prices. End-use demand for acetone is
likely to be driven by strong demand for methyl-methacrylates and
bisphencl-A. Thus, acetone prices are likely to remain firm, or
increase.

15.2.3 Elasticities

Demand elasticities for acetone will be estimated on the basis
of available substitutes for acetone, as well as substitutes for
end-uses. The potential for import substitution will also be
examined.

16.2.3.1 Demaﬁﬂ Elasticities
15.2.3.1.1 Methyl Methacrylates

Methyl methacrylates account for 36 percent of acetone demand.
These compounds, used in automotive and construction applications, deo
have a chemically feasible process substitutes which don‘t require
acetone input. Manufacturing MMA via C4 oxidation technology has been
examined. To date, however, this process has not proved commercially
viable. MMA does have at least one potential end-use substitute in
polycarbonates. These compounds have been growing in use over the
past several years. However, as substitutes for MMA, the impact on
acetone would be small, as polycarbonates are alsc derivatives of
acetone through bisphenol-A., Also, other engineering plastics, such
as nylons and polyesters, could be explored as competitors if acetone
_.becomes tco costly. Nevertheless, acetone derived MMA appear to
dominate the market. Hencé, the demand for acetone in this market is
regarded as highly inelastic.

15.2.3.1.2 Solvents
Acetone is used widely in sclvent applications, accounting for

17 percent of end-use demand. While a variety of alternatives exist,
to date acetone has advantages stemming from its low cost and diverse
uses. This is likely to change, since acetone has disadvantages
concerning its environmental impact and volatility. Demand in this
sector is judged to be slightly inelastic.

15.2.3.1.3 Bisphencl-p

Bisphenol-A accounts for 14 percent of acetone demand. It ie
used in epoxy and polycarbonate resins, and can .only be produced via .
acetone (in combination with phenol). As discussed above,
polycarbonates and MMA can be substituted for each other,'but thie
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would have little impact on acetone elasticity. In addition, other
engineering plastics are potentially feasible on the commercial level,
but have not yet emerged as viable competitors. Epoxy resins also are
dependent on BPA, and in turn acetone, as an input. Epoxy resins
themeelvee have quite a few substitutes; including a variety of other
plastics, as well ae glues. The derived demand for acetone as used
for epoxy resina is deemed slightly inelastic.

15.2.3.2 Impoxrts
Acetone imports were 4.4 percent of U.S. consumption in 1989,

dropping from 9.5 percent in 1987. While in decline, imports could
have a slight effect on the pricing behavior of U.S. producers.

15.2.3.3 Elasticity Estimate

Demand elasticities for acetone vary from sector to sector,
ranging from highly inelastic to slightly inelaetic. Thus, the demand
elastjcity for acetone is estimated to be in the moderately inelastic
range of -.34 to -.67.

'15.2.4 Market Structure

Table 15-9 summarizes the parameters for the market atructurae of
acetone. Eleven firms are currenfly producing acetone in 14 facilities,
The four-firm concentration ratio is 67.7%, signifying moderate market
power. The HHI is 1,542.4, which falls moderate range of market power.
Captive consumption is 38%, indicating a moderate level of vertical
integration. On average, 5 chemical compounds are produced at acetone
sites, suggesting a substantial level of horizontal integration.
Importe in the industry are moderately importaﬁt, and will have a slight
effect on domestic pricing behavior. 1In summary, the acetone industry
is moderately oligopolistic, and firme will likely absorb a portion of
HON control costs.

15.2.5 Impacts o u tal Revenue
Impacte on price, output, total revenue, and employment in the
acetone industry for option control costs are presented in Table 15-10.

15.2.5.1 Option One Control Costs
Option one control costs represent the estimated actual HON

control cost that an industry will incur. The production weighted
average percentage price increase of .72 percent leads to a price
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TABLE 15-10. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE ACETONE INDUSTRY',
OPTION ONE CONTE&& COSTS

Elasticity

-0-34 -00 67
%42 Price (%/kg) _ 0.72% 0.72%
a Price ($/kg) $0.0030 $.0030
%2 Output (%/kg) (0.24%) - {0.48%)
& Output (10% kg) (3.6} {7.1)
%a Total Revenue 0.48% 0.24%
a Total Revenue {10° §) §2.9 $1.4
& Employment {4) (8)

(# of Employees)
‘Based on Production‘Weighted Ave?age Cost
DEFINITIONS:
4 = Change In
M#rket Price = $0.41/kg

hE-1-1 Output'= 1,466 x 10° kg (based on 1989 production at 4%
annual compound growth)

1995 Total Revenue = $601,354,644.29 (market price x 1955 output)
1595 Employment = 1,639
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increase $.0030 per kilogram. For the two elasticity levels of -.34 and
-.67, the reduction output is 3.6 million kilograms (0.24%) and 7.1
mitlion kilograms (.48%), respectively.

Since the majority of acetone is produced as a coproduct, it is
difficult to determine the how the change in output will be distributed
acrogs the industry. The smallest facilities are 4B and 5B, which
together account for 7.6 million kilograms, and make up all of process B
production. Even if they had to absorb the entire decline in output,
closure cannot be predicted, as acetone is a coproduct of hydroguinone
at these facilities.

The highest cost plant is 14A, which accounts for 21.0 million
kilograms of output;' The maximum decline in output of 7.1 million
kilograms ig 34 percent of this plant'é output. Again, closure is not
likely in that acetone is a coproduct of phencl at this facility.

~The loss in employment is estimated to be from four to eight
employeeas.

15.2.6 Conclusion

Acetone is a large volume, commercially important chemical,
ranked 24th in U.S. organic chemical production. The range of costs
in the total industry control scenario is §.0000 to §.0045. It cannot
be said that the procese with zero control costs will have a
competitive advantage, as the other processes yield acetone as a
coproduct, and the cost burden is shared. 1In general, the percentage
price increase is modest, and impacts will most likely be minimal.
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CHAPTER 16
CHLOROFORM PRODUCTION

16.1 INDUSTRY PROFILE

Chloroform, also Kknown as trichloromethane, is a member of the
chlorinated hydrocarbons family of chemicals. It is preduced _
primarily by the chlorination of methyl chloride. Over 95 percent of
domestic consumption of chloroform is accounted for by Flucorocarbon 22
(F=-22, or CFC 22), a chlorofluorocarbon (CFC). About 70 percent of
all F-22 is used as a refrigerant.

16.1.1 Brief Market Introduction
16.1.1.1 Historical Overview

Table 16-1 shows that average realized prices of chloroform
changed little from 1980 to 1989. Discounting off of list is common
in the industry.' For example, while from 1985 to 1988 net price
fluctuated from 40 to 44 cents per kilogram, the trade list price was
constant at 76 cents per kilogram.®

Chloroform enjoyed very strong growth in the second half of the
19805 as F-22 was substituted for F-1l1 and F-12, twec other CFCs that
have been regulated under the Montreal Protecol, an international
agreement that mandates a worldwide phase-down in the production of

certain CFCs. F-22 is not subject to the phase-down because it is
less harmful to the earth’'s ozone layer. F-22 is reported to have 95
percent less ozone-draining potential than F-12, for example.’?

16.1.1.2 Recent Developments
With the surge in demand for F~22 and its precursor chloroform,

supplies of chloroform have recently been extremely tight. In late
1989, all U.S. chloroform producers were reported to be on Torder
control.”* 1In this instance, customers’ monthly orders were not being
allowed to deviate significantly from cone-twelfth of the prior year‘’s
purchases. In 1989, the demand for chloroform began to exceed
domestic production capacity.?

The list, or contract, price of chloroform did not change much
in 19%0. At the beginning of the year, it ranged from 36 to 40 cents
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TABLE 16-1. AVERAGE REALIZED FRICE OF CHLOROFORM,

1980-1989

Price

(¢/kg)
1989 | a4
1988 ' 40
1987 44
1986 a4
1985 _ ' 44
1984 ' ' N.A.
1983 ~ N.A
1982 N.A.
1981  N.A.
1980 o 46

N.A. ~ Not available.

Sources: Mannsville Chemical Products Corp.,
“Chemical Products Synopsis -— Chloro-
form," September 1988; U.S. International
Trade Commission, Synthetic Or ic

Chemicals, 1988, 1989,



per pound (79-88 cents per kg).® At the end of the year, the range
was 32-40 cents per pound (71-88 cents per kg).

16.1.2 Demand Conditions
16.1.2.1 Uses for Chloroform
Fully 97 percent of all chloroform in the U.S. is used to

produce F-22.' Demand for F-22, in turn, is accounted for about
two-thirds by refrigerants and about one-third by fluoropolymers.?
F-22 also has miscellaneous uses as a propellant gas, foam blowing
agent, and solvent. _

F-22 ig used as a refrigerant in refrigerators and air
conditioners, particularly small units in automobiles and households.
As might be expected, the demand for chloroform is therefore somewhat
seasonal, peaking in the summer when more air conditioners are
ingtalled and when air conditioner maintenance is highest.

Fluoropolymers are plastic resins with such applications as
lining pipes and process vessels, insulating, and coating.
Polytetrafluoroethyléne, for example, is a fluoropolymer derived from
chloroform used for coating household appliances and utensils
subjected to high temperatures.

Because of the dependence of refrigerants and fluoropolymers on
housing construction and consumer spending on such durable goods as
automobiles, refrigerators, and air cenditioners, chloroform can be
said to be linked to the construction, automotive, and consumer
durable goods industries.®

As mentioned, F-22 has benefitted from world-wide restrictions
on two alternative CFCs, F-11 and F-12. F-22 is one of the few
significant CFCs not regulated by the Montreal Protocol. F-22 has
been able to replace F-12 in some fefrigeration and air conditioning
applications, and F-11 in some foam-blowing applications.'

In addition to F=22, chloroform has miscellaneous uses (3
percent of consumption) as a solvent and in the manufacture of dyes,
resins, and fire-extinguishing agents. Another minor use is as an
anesthetic in veterinary applications. Chloroform has been largely
replaced as an anesthetic, however.'

16.1.2.2 Consumption
Apparent consumption (production plus imports, minus exports)
of chloroform in the U.S. is shown in Table 16-2 for 1980 and 1985-88.

16-3



TABLE 16-2. APPARENT CONSUMPTION OF
CHLOROFORM IN THE U.S., 1580-1989

Apparent
Consumption
{10° kg)
1989 N.A.
1988 229 (est.)
1987 205
1986 184
1985 ' ‘_ 170
1984 _ N.A.
1983 N.A.
1982 N.A,
1981 N.A.
1980 152

N.A. - Not available.

Sources: Mannsville Chemical Products Corp.,
"Chemical Products Synopsis -- Chloroform,”

September 1988; Chemical Marketing Reporter,
February 27, 1989.
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Data were not available for other years. Chloroform consumption
increased steadily from 1985 to 1988, at a robust average annual rate
of 10.4 percent.

16.1.2.3 Exports .
U.S. exports of chloroform in the 1980s are tracked in Table

16-3. For the years reported, exports were highest in 1985 and 1988
at 20 million kilograms. In relation to U.S. output, exports
peaked at 16 percent in 1985. 1In 1988, exports accounted for B.4
percent of U.S. output.

16.1.2.4 Future Trends
Chloroform demand érowth is expected to remain strong in the

near term. 1In one 1989 forecast, total demand -- domestic and export
-- was projected to increase by 5.5 percent per year from 1989 to
1993." This compares to average annual growth of 3.8 percent from
1979 to 1988. 1In another 1989 forecast, average growth over the next
five years of 7-9 percent was predicted.”

Growth will be spurred by continued penetration of F-22 in
refrigeration, foam-blowing, and other markets previously held by F-11
and F-12. . Once the replacement of F-11 and F-12 is complete, most
growth will result from an increase in the use of residential air
conditioning (both new installations and replacements).' The
short-term outlook also depends on developments in chloroform’s major
end-use markets: construction, automotive, and consumer durables. A
glowdown in these markets, ae is the case in 1991, might counteract
the effects of opportunities to substitute for F-11 and F-12.

Long-term demand growth prospects for chloroform are also .
considered to be excellent, though there does remain the risk that
F-22 will also one day be regulated for its deleterious effect on the
ozone layer."

16.1.3 Supply Conditions
16.1.3.1 Productjon Process
Chloroform is produced mainly by hydrochlbrinating methanol

with hydrogen chloride. The initial derivative of this process is
methyl chloride. Further chlorination yields such derivatives as
chloroform and methylene chloride. The derivative mix can be adjusted
according to market conditions.

16-5



TABLE l16-3. U.S. EXPORTS OF CHLOROFORM, 1980-1989

Quantity Percent of

(10° kg) U.S. Production®
1989 N.A. N.A.
1988 20 {est.) 8.4%
1987 16 7.6%
1986 19 . 9.9%
1985 20 16.0%
1984 N.A. . . N.A.
1983 N.A. N.A.
1982 N.A. ‘ N.A.
1981 N.A. N.A,
1980 : 8 ' " 6.5%

" N.A. - Not available.
*See Table 16&-5,

Sources: Mannsville Chemical Products Corp., "“Chemical
Products Synopsis -- Chloreform," September

1988; Chemical Marketing Reporter, February 27,
1989.
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Chloroform can alsc be produced by chlorinating methane.
*However, flexibility, economics, and product mix have made the
hydrochlorination of methanol the dominant process. "'

15.1.3.2 estic durer d Total P tion

U.S. producers of chloroform and their facilities are listed in
Table 16-4. As of January 1990, total U.S. production capacity was
240 million kg/year. This compared to 220 million kilograms in
February 1986."7 Dow Chemical accounts for 54 percent of U.S.
capacity. All but one of the units in Table 16-4 use methanol as the
raw material. The exception is Vulcan’s Wichita plant, which uses 33
percent methane, and 67 percent methanol.” None of the producers are
integrated forward into the production of CFCs.!” Consequently, there
is no, or virtually no, captive consumption of chloroform.

As mentioned, chloroform prodﬁcers can also produce other
methyl chloride derivatives (termed chloromethanes), such as methylene
chloride. With process changes, producers can switch from one chloro-
methane to another. The capacities in Table 16-4 are therefore
flexible.

In 1988, chloroform supplies were tight, though there was
overall excess capacity for chloromethanes. This is because there was
overcapacity for methylene chloride.™

Chloroform’'s rapid production growth in the late 1980s is
chronicled in Table 16-5. After dropping to 125 million kilograms
in 1585, U.S. output increased 52.8 percent to 191 million kilograms
in 1986, and then by an average of 11.8 percent per year from
1986 to 1989. Chloroform‘s 12.2 percent output increase in 1989
was the second-highest among major organic chemicals, trailing only
acetic acid (+21%).* The impetus behind the growth has been the

aforementioned substitution for F-11 and F-12.

16.1.3.3 Costs of Production
Methanol is the primary raw material input to the production of

chloroform. In 1990, the list price of methanol increased from 35
cents to 55 cents per gallon. Most of this increase occurred in
December. In the first two months of 1991, the price increased
another 2-3 cents per gallon.



TABLE 16-4. U.S. PRODUCERS OF CHLOROFORM,
JANUARY 1950

: Capacity

Company . Plant Location (10° kg/yr)
Dow Freeport, TX 61
Plagquemine, LA 68
LCP Chemicals®  Moundsville, WV 18t
Occidental Chemical Belle, WV 16
Vulcan Haterials-Co: Geismart LA 27
‘Wichita, K& =19,
240

‘Division of the Hanlin Group, Inc.

"This facility was due to be replaced by a new unit with
27 million kg-of capacity. However, 'an explosion damaged
the new unit shortly after it started up in August 1989,
The new unit was shut down, and had still not been re-
activated in early 19%0.

Sources: SRI International, 1590 Directory of Chemical

Producers, p. 531; Chemical Marketin orter,
Februvary 27, 1989.
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TABLE 16-5. U.S. PRODUCTION OF CHLOROFORM,

1980-1989

Quantity

{10% kg)
1989 267
1988 238
1987 210
1986 191
1985 - c 125
1984 184
1983 164
1982 | 136
1981 ‘184
1980 124

Sources: Chemical & Engineer} News, June

18, 1990, p. 39; U.S. Internaticnal

Trade Commission, Synthetic Qrganic
Chemicals, 1989.



16.1.3.4 Imports

As Table 16-6 shows, U.S. imports of chloroform increased from
a negligible amount in 1980 to 15 million kilograms in 1985, and then
declined to 11 million kilograms in 1987 and 1988. In 1988, imports
accounted for 4.8 percent of U.S. chloroform consumption.

"16.1.3.5 Future Prospects

U.S. chloroform producers should benefit from the prospect of
continued rapid growth in the demand for chloroform. Since by 1989
U.8. chloroform demand was expected to surpass annual production
capacity, it may be difficult for U.S. producers to'satisfy all demand
unless capacity is added or chleroform production is substituted for
the production of other chloromethanes. Such an effort might be aided
by an anticipated long-term decline in the demand for methylene
chloride.”

16.1.4 Future Market Prospects
' Mainly due to continuing replacement of F-11 and F-12 in some

applications, growth prospects for F-22 and its precursor chloroform,
both in the near term and long term, are excellent. However, chloro-
form is still subject to conditions in three markets that are
currently depressed: construction, automotive, and consumer durables.
Also, in the long term, it cannot be ruled out that F-22 will also
one day be regulated for its harmful effect on the ozone layer.
Chloroform supplies have recently been very tight. Producers
will probably have to add capacity or make process changes in order to
eatisfy all demand in the future.

16.2 ECONOMIC IMPACT ANALYSIS

16.2.1 HON Compliance Costs

A synopeis of annualized costs and summary statistics for
chloroform production facilities and production processes is presented
in Table 16-7. Costs are displayed for option one controls. Option one
controls are the estimated actual costs that facilitieg are likely to
incur. Figure 16-1 presents the control scenarioc éraphically.

éhloroform is currently produced by two processes:
halogenation of methyl chloride (process A), and halogenation of
methane (process B)} Production-weighted average costs are $.0053 per
kilogram for process A, and $.0005 per kilogram for process B.
However, the difference is small enough =-- $.0049 per kilogram for
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TABLE 16-6. U.S. IMPORTS OF CHLOROFORM,

1980-1989

Quantity Percent of U.S.

{10° kg) Consumption®
1989 N.A. N.A.
1988 11 (est.) | 4.8%
1987 1l S.4%
1986 14 7.65
1985 . 15 B8.8%
1984 N.A. ' N.A.
1983 | : N.A- N.A.
1982 N.A. _ N.A.
1981 ' N.A. ' . N.A.
1980 - -

N.A. - not available.

"“See Table 16-2.

Sources: Mannsville Chemical Products Corp.,
"Chemical Products Synopsis --

Chleroform,™ September 1988; Chemical
Marketing Reporter, February 27, 1989.
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TABLE 16-7. CUMULATIVE ANNUALIZED COSTS QF HON CONTROLS AND
SUMMARY STATISTICS FOR CHLOROFORM PRODUCTION
FACILITIES AND CHLOROFORM PRODUCTION FPRCOCESSES

Annual Option One

Facility/ Production Controls
Process {10° kg) {$/kg)
1A 41.5 ' $0.0026

2a 22.4 $0.0045
3AKB 44 .8 $0.0055

4A 44.8 $0.0055

SA 14.9 $0.0065

6a 11.6 $0.0074

Control Costs by Process

Process A ' 166.4 $0.0053
{halogenation of ' '
methyl chloride)

Process B 13.7 ] $0.0005
(halogenation of
methane)

Summary Statistics

Mean $0.0053
Production 50.0049
Weighted

Average

16=-12
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option one ~- that it is unlikely to spur process changee in favor of
process B. Moreover, Process B is used by facility 3A&B, which can
employ both processes, and will likely devote more capacity to process B
if process A is at a competitive disadvantage.

16.2.2 gricigg

Chloroform prices in the 1980s were fairly uniform, ranging
from 40 to 46 cents per kilogram. Average realized price in 1989 was
44 cents per kilogram, 2 cents less than 1980. The most recent spot
price available at the time of this writing was 79 cents per kilogram.
This is not indicative of a substantial increase, as contract prices
are considerably lower than list prxcea Nevertheless, chloroform
prices should remain fxrm due to the market’'s favorable growth
prospects.

16.2.3 Elasticities

The demand elasticity for chloroform is estimated on the basis
of available substitutes for chloroform, as well as substitutes for
end-uses. The potential for import substitution is alsc examined.

16.2.32.1 Demand Elasticities

16.2.3.1.1 Fluorocarbon 22
Fluorocarbon 22 (F-22) accounts for over 895 percent of U.S.

chloroform consumption. Seventy percent of this is used as a
refrigerant. Chloroform is an indispensable raw material in the
production of F-22. Substitutes do exist for F=-22. However, as was
noted, the available chlorofluorccarbons are generally being phased
out due to their suspected role as ozone depleters. New products,
such as other hydrochlorofluorocarbons (HCFCs), are becoming
commercially viable. As these come on line, the demand elasticity for
F~22 will increase. Of course, it is true that commodities in general
have long-run elasticities that are larger than short-run
elasticities. Also, F-22 might possibly be subject to regulation for
its detrimental effects on the ozone. Nevertheless, through tha
mid-1990s F-22 is the CFC of choice. Chloroform demand is estimated
to be highly inelastic in this sector.

16.2.3.2 Imports _
Imports account for less than 5 percent of U.S. pProduction, and

should therefore have an insignificant impact on the behavior of U.S.

firms.

16-14



16.2.3.4 Elasticity Estimate
The demand elasticity for chloroform is based on only one

end-use market. It is estimated to be in the highly inelastic range
of -.1 to -.34.

16.2.4 Market Structure
Table 16-8 summarizes the parameters for the market structure of

chloroform. Four firms are currently producing chloroform. Thus, the
four-firm concentration ratio is 100 percent, signifying substantial
market power. The HHI is 4,019.1, which falls in the range of
substantial market power. On average, nine chemical compounds are
produced at chloroform sites, suggesting a substantial level of
horizeontal integration. fmports in the industry are insignificant. In’
summary, the chloroform industry is highly oligopolistic, and firms will
likely absorb a significant portion of HON control costs.

16.2.5 Impacts on Price, Output, Tota evenue, and Em

Impacts on price, output, total revenue, and employment in the
chloroform industry for option one control costs are presented in Table
l6-9.

16.2.5.1 Option One Control Costs _

Option one control costs represent the actual estimated cost that
an industry will incur. The weighted average percentage
price increase of 1.09 percent leads to a price increase $.0049 per
kilogram. For the two elasticity levels of -.1 and -.34, the output
reduction is 285 thousand kilograms (.11%} and 969 thousand kilograms
(.37%), respectively.

Facility 6A is the highest cost and smallest plant in the
industry, accounting for 11.6 million kilograms of annual production.
If this facility abscrbs the entire reduction in output, it would lose
from 2.5 percent to 8.4 percent of its output. Thus, control costs in
the option one scenario are unlikely to lead to closure of the smallest
size facilty. The reduction in employment is from 0 to 1 emplojees.
While two processes are in use for producing chloroform, the cost
differential is so small that process change is not apt to be stimulated
by HON controls. Since imports are negligible, this price increase is
not likely to spur import substitution. '
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PABLE 16-9. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND EMPLOYMENT IN
THE CHLOROFORM INDUSTRY',
OPTION ONE CONTROL COSTS

o
Elasticity
-011 -0.34
%2 Price (%/kg) 1.09% 1.09%
& Price ($/kq) $.0049 $.0049
%a Output (%/kg) (0.11%} (0.37%)
& Output (10° kq) {.285) {.969)
%4 Total Revenue {0.98%) {0.72%)
s Total Revenue (10° §) £1.2 5.851
» Employment . (0) (1)

(# of Employees)

'Based on Production Weighted Average Cost
DEFINITIONS: |

4 = Change In

Market Pricé ='$0.45/kg

1995 Output = 262.8 x 10 kg (based on 1989 production at 6.5%
annual compound growth)

1995 Total Revenue = $118,262,753.56 (market price x 1995 output)

1995 Employment = 322
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16.2.6 conclusion
The range of costs in the chloroform industry under the

total industry control scenaric is from $.0109/kg to $.0201/kg. The
cost differential is small, and the production-weighted price increase
is probably an accurate estimate of the actual Price increase. At

the upper end of cbmpliance costs, closure of the smallest size

facility is possible under the total industry control scenario, but
unlikely given option one control costs. HON controls are not likely to
elicit process changes, or spur import substitution.
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CHAPTER 17
TRIETHYLENE GLYCOL PRODUCTION
17.1 INDUSTRY PROFILE

Triethyleﬂe glycol (TEG) is a coproduct in the production of
ethylene glycol. It is categorized as a member of the glycols and
triols family. Merchant market sales accounted for 95 percent of
total production in-1989.{ Triethyleng glycol’s largest end use is in
natural gas dehydration.?

17.1.1 Brief Market Introduction
17.1.1.1 Historical Overview

Triethylene glycol is considered to be one of the more
profitable ethylene glycols.® Compared to lower glycols {ethyléne
glycol, diethylene glycol), its end-use marketz are more specialized.*
Also, the end-use market demand usually exceeds the TEG supply
resulting from ethylene glycol production.’ For this reason, TEG is
also produced “"on-purpose.” Specifically, additional triethylene
glycol is manufactured by reacting diethylene glycol (alsc a coproduct
of ethylene glycol production) with additional ethylene oxide. 1In
this way excess demand can be satisfied and excess diethylene glycol
ie profitably used. '

Two commercial grades of TEG are sold, technical and high
purity. Discounting is common.® The average realized price of
triethylene glycol (technical grade) from 1980 to 1989 is listed in’
Table 17-1. A decade-high of $1.33 per kilogram occurred in 1989
despite a decrease in exports and a decrease in quantity demanded.

The implication is that supply contracted. Two arguments support thie
implication. First of all, there was an increase in the cost of
ethylene oxide, the feedstock for ethylene glycol. Ethylene oxide’'s
average realized price rose 46 cents per kilogram from 1988 to 1989'{a
55% increase).™ Secondly, demand for ethylene glyccol dropped due in
part to weak demand for its major end use, antifreeze. As a result,
ethylene glycol cutput dropped by one percent, cnnstrictin§
triethylene glycel supply; TEG production varies directly with



TABLE 17-1. AVERAGE REALIZED PRICE OF TRIETHYLENE
GLYCOL (TECHNICAL GRADE), 1980-1989

Price
($/kqg)
1989 | | 1.33
1588 0.82
1987 0.64
1986 0.62
1985 - _ - 0.62
1984 o ' N.A.
1983 ' _ N.A.
1982 _ N.A.
1981 . N.A.
1980 0.90
N.A. - Not available.
Sources: Mannsville Chemical Producte Corp.,

"Chemical Products Synopsis -- Triethylene
Glycol," January 1989; U.S. International
Trade Commission, S tic anic

Chemicalg, 1988, 1989,
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ethylene glycol. Also, the diethylene glycel supply was lessened;
this affected additional "on-purpose" production of TEG.

17.1.1.2 Recent Developments
The trade list price of TEG in 1990 ranged from $1.61 per

kxilogram in January to $1.41 per kilogram in December.’® The most
recent price (February 19%1) was $1.46 per kilogram.!!

17.1.2 pemand Conditjons
17.1.2.1 Use or Tri

Triethylene glycol uses are summarized in Table 17-2.
Triethylene glycol is a hygroscopic chemical; hygroscopicity refere to
an ability to absorb watef'vapor from Qases.“ This explains why
natural gas dehydration ie the major end use, accounting for 49 percent
of 1989 consumption. Triethylene glycol also dehydrates various
hydrocarbon gases, compressed air, carbon dioxide, synthesis gases,
flue gas, nitrogen, and cracked gases. )

The second lafgest end use for TEG is as a raw material for
esters, used as specialized plasticizers for vinyl and other resins
(14%). Accounting for 13 percent of consumption is TEG’s use in the
production of unsaturated polyester resins and polyester polycls for
urethanes. Polyester fiber and polyester plastic producing plante use
TEG as a solvent (12%). PET (polyethylene terephthalate)} plants are
the biggest users of triethylene glycol in scolvent applications.
Triethylene glycol is used as a humectant for tobacco products and
cork compounds.

Included among miscellaneous uses are triethylene glycol’s use
in solvent extraction, as an intermediate in the manufacture of
polyglycols, as a sterilizing agent, as an emulsifying agent, and as a
solvent and lubricant in textile dyeing and printing.

17.1.2.2 Consumption
Table 17-3 lists domestic apparent consumption data from 19580

to 1989. Quantity demanded has gone up and down throughout the
decade. Increased demand for triethylene glyccl pushed apparent
consumption from 49.6 million kilograms in 1980 to a decade-high of
63.0 million kilograms in 1985." According to Chemical Marketing

R ter, however, in 1985 oil and gas prices collapsed and TEG
consumption in natural gas dehydration fell about 20 percent from 1985
to the beginning of 1987." Apparent consumption fell 17.2 million
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TABLE 17-2. USES OF TRIETHYLENE GLYCOL, 19%0

Percent
of Total
Consumption
Natural gas dehydration 49%
Plasticizer raw material 14%
Peolyester resins and polyols for 13%
urethanes

Solvent 12%
Humectant ~ : . 7%
Miscellaneous : 5%

Sourcea: Chemjcal Marketing Reporter, February 5, 1950;

Mannsville Chemical Products Corp., "Chemical
Producte Synopsis =~ Triethylene Glycol,"
January 1989.
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TABLE 17-3. APPARENT CONSUMPTION OF TRIETHYLENE GLYCOL
IN THE U.S., 1980-1%89%

Apparent
Consumption'

(10° kg)
1989 46.9
1988 54.7
1987 46.7
1986 N 45.8
1985 S . 63.0
1984 N.A.
1983 ' N.A.
1982 N.A.
1981 ‘ " N.A.
1980 49.6

‘Production plus imports, minus exports. Because
inventory changes are ignored, this is a simplified
estimate of consumption. Because imports for
triethylene glycol are not significant, they
are alsc not factored into the calculation.

Sources: Chemjcal Marketing Reporter, February 5,
1990; Mannsville Chemical Products Corp.,

"Chemical Products Synopsis =-- Triethylene
Glycol,” January 1989; U.S. Internaticnal

Trade Commission, Synthetjc Organic Chemicals,
1988, 1989.
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kilograms between 1985 and 1986. Beginning in 1987, the guantity
demanded recovered due in part to increased consumption of unsaturated
polyaster resins and polyurethanes by the automotive and housing
construction industries. From 1988 to 1989 apparent consumption
dropped again by 7.8 million kilograms. This resulted from an upward
shift in supply of triethylene glycol due to increased feedstock costs
and decreased ethylene glycol production.

17.1.2.3 Exports _
U.S8. exports of triethylene glycol from 1%80 to 1989 are listed

in Table 17-4. In 1987 exports reached a high of 7.3 million
kilograms. This reﬁresented 13.5 percent of production, the highest
for any of the 10 years. 'Most recently, experts totalled 4.1 million
kilograms in 1989, 8.0 percent of domestic production.

17.1.2.4 Future Prospects

The triethylene glycol market has been characterized by
emica rketing Reporter ae being mature.” This is supported by

the fact that there are no new significant end uses. For the current
uses only moderate growth is expected. While natural gas is projected
to be the fastest growing source of energy in the 1990s, its growth
rate will only be about 1.8 percent annually.'®’ Thus, moderate
growth should be expected for TEG use in natural gas dehydration. The
same is true for use as a plasticizer raw material. Plasticizer
growth is dependent on PVC growth, whose long-term rate is forecast at
3 percent annually.”® Triethylene glycol‘s use as a humectant may
decline if cigarette makers continue to use the substitute
glycerine."”

Consequently, the forecasted demand of TEG (including both
domestic demand and exports) for 1994 is 57.6 million kilograms.®
This represents a growth rate of 2 percent per year through 1994.%

17.1.3 Supply Conditions
17.1.3.1 Productjion Proceeses
In the production of ethylene glycol by ethylene oxide

hydration, di- and triethylene glycol are coproducte which are
separated from ethylene glycol through vacuum distillation. The
hydration of ethylene oxide generally yields about 90 percent ethylene
glycol, 8 to 10 percent diethylene glycol, and 1 percent triethylene



TABLE 17-4. U.S. EXPORTS OF TRIETHYLENE GLYCOL,

1980~1989
Percent
Quantity of U.S.
{10° kg) Production®
1989 4.1 {est.)} £.0%
1988 7.3 (est.) | 11.7%
1987 7.3 13.5%
1986 B 3.2 " 6.5%
1985 " 5.0 : 7.4%
1984 N.A. , N.A.
1983 N.A. N.A.
1982 N.A. N.A.
1981 ' N.A. ' N.A.
1980 6.4 11.4%

‘Sme Table 17-6.

N.A, - Not avajlable.

est. - E#timate.

Sources: Chemjcal Marketing ggpogfer, February 5, 1990;
Mannsville Chemical Products Corp.," Chemical

Products Synopsis -- Triethylene Glycol,™
January 1989; U.S. International Trade Com-

miseion, Synthetic Organjc Chemjcals, 1589,
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glycol; these ratios vary by plant and production levels.? To supply
excese demand, "on-purpese” production of TEG can be achieved by
reacting additional ethylene oxide with diethylene glycol.

17.1.3.2 pomestic Producers and Total Production

There are nine domestic producers of triethylene Qlycol with a
total capacity of 89.3 million kilograms. This total includes
capacity resulting from ethylene glycol production and on-purpose
triethylene glycol production. Two additional firms, Chemical
Exchange Industries (Houston, TX) and Dixie Chemical Company (Bayport,
TX}, obtain TEG from purchased mixed glycols. Capacities are
tlexible, which is éharacteristic of the production of higher
glycols.® For example, téiethylene giycol output increases as
produceres manufacture more on-purpose diethylene glycol.® When more
tetraethylene glycol is made, triethylene glycol output is reduced.”
Production capacity also depends on ethylene glycol capacity.
Potential TEG capacity is usually considered to be 1 percent of total
ethylene glycol capacity.”* Table 17-5 lists the U.S. preoducers along
with plant location and capacity data.

Total domastic production is in Table 17-6. Though production
data are not available for the years 1981 to 1984, cutput increased
from 56 million kilograms in 1980 to 68 million kilograms in 1985 (a
21% increase). As demand for triethylene glycol use in natural gas
dehydration began to decline in mid-1985, production dropped by 15
million kilograms to 49 million kilograms in 1986. In fact, there was
no on-purpose production of triethylene glycol in that year.”
Production then grew until 1989, when supply contracted and output
dropped by 11 million kilograms. The contraction in 1989 was
attributable to the increased cost of ethylene oxide (the feedstock)
and lower ethylene glycol production.

Output in 1989 represented 57 percent of domestic TEG capacity.
Thie rate is low because there was no on-purpose production; triethylene
glycol capacity includes both ethylene glycol coproduct capacity
and on-purpose capacity.®

17.1.3.3 gCoste of Production

The primary source of costs is ethylene oxide, and in turn its
ethylene feedstock. Ethylene oxide has dropped from $1.43 per
kilogram {trade list) in January 1990 to $1.12 per kilogram in
February 1991.%%* oOvercapacity in the ethylene oxide industry
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TABLE 17-S5. U.S. PRODUCERS OF TRIETHYLENE GLYCOL,

FEBRUARY 1950

Capacity"
Company Location (10° kg/yr)
BASF _ Gelsmar, LA 3.6
Dow Chemical Plagquemine, LA 22.7
Eastman Chemical Longview, TX 3.6
Hoechst Celanese CIEaf Lake, TX 4.5
Oxy Petrochemicals Bayport, TX 10.4
PD Glycol ' Beaumont; TX _ 2.7°
Shell Chemical Geismar, L& 4.1
Texaco Chemical Port Neches, TX 8.2
Union Carbide® Seadrift, TX and 29.5
' Taft, La‘

89.3

*Includes capacity resulting from ethylene glycol
production and on-purpose TEG productien.

*pD Glycol will raise its capacity by 453,593 kilograms

in 1991.

‘At its Texas City, TX plant, Union Carbide refines
higher ethylene glycel mixtures from Seadrift, TX
and Taft, LA to produce di-, tri-, and tetraethylene

glycols.

‘Forced production of triethylene glycol.

NOTE:

Sources:

Chemical Exchange Industries, Inc. (Houston, TX)
and Dixie Chemical Company (Bayport, TX) obtain
triethylene glycol from purchased mixed glycols.

Chemjcal Marketing Reporter, February 5, 1990;
Mannsville Chemical Products Corp., "Chemical
Products Synopsis —- Triethylene Glycol,"
January 1989; SRI International, "1990 Directory
of Chemical Producers, United States.”
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TABLE 17-6. U.S. PRODUCTION OF TRIETHYLENE GLYCOL,

1980~1989
Quantity
(10° kg)
1989 51
1988 _' 62
1987 54
1986 49
1985 I 68
1984 ' - N.A.
1983 _  N.A.
1982 _ N.A.
1981 . . N.A.
1980 _ 56
N.A. = Not available.
NOTE: These production figures are only from TEG co-

product production; on-purpose production is
not included.

Sources: Mannsville Chemical Products Corp., "Chemical
Producte Synopsis -- Triethylene Glycol,"
January 1989; U.S. International Trade Com-

mission, Synthetic Organic Chemicale, 1988,

1989,
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should keep feedstock costs down if there is no large lncreaee in
ethylene oxide demand.

17.1.3.4 Imports
According to Chemjcal Mgrketing Reporter, imports are not

significant.?

"17.1.3.5 Future Prospectg
Total production of triethylene glycol as a coproduct is

entirely dependent on ethylene glycol production. Future ethylene
glycol growth in the U.S. is forecast to be about 2 percent annually
through 1994.2 This implies that triethylene glycol preduction will
aleo be at this level. On?purpose production will also be affected
slow growth of ethylene glycol. :

17.1.4 Future Market Prospects _

Since most of its uses are mature, triethylene glycol will
experience only moderate future growth of 2 percent annually through
1954.® It will be highly dependent on the natural gas market because
49 percent of TEG consumption is used in natural gas dehydration.

With respect to production, triethylene glycol will continue teo
be dependent on ethylene glycol preduction levels and the cost of
ethylene oxide. Capacity utilization rates will vary with the amount
of on-purpose production.

17.2 ECONOMIC IMPACT ANALYSIS

17.2.1 HON Compliance Costs
A synopsis of annualized cumulative control cests and summary

statistics for triethylene glycol facilities is presented in Table
17-7. Costs are presented for option one controls. Option one control
costs are estimates of the actual costs that facilities are likely to
incur. Figure 17-1 illustrates control costs graphically. Eleven
facilities are displayed.

Triethylene Glycol is currently produced as a coproduct of the
lower glycols, ethylene glyccl (EG) and diethylene glycol (DEG).
Since this is the only commercial process, no analysis of separate
process costs is necessary.
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TABLE 17-7. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR TRIETHYLENE GLYCOL PRODUCTION
FACILITIES ($/kg)

Annual : Option One
Facility/ .Production Controls
Process (10° kg) (S/kg)
1A 13.70 $0.0011
2a $.41 $0.0011
aa 5.40 $0.0012
42 7.34 §0.0013
5A 5.40 $0.0013
6 6.46 $0.0015
TA ; 5.14 50.0015
B8A ' 2,25 : $0.0017
9A - 5.29 $0.0019
1ca 3.52 ' ' $0.0024
11a 1.57 . $0.0027
Summary Statistics
Mean . $0.0016
Production $0.0014
Weighted
Average
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17.2.2 pricing
Triethylene glycol prices are determined by a combination of

feedstock cosets, supply conditions and end-use demand. It is
generally thought that triethylene glycol is the most profitable of
the ethylene derivatives, suggeéting an ability to secure a relatively
gizable margin of price over marginal cost. Supply conditions are
important in the triethylene glycol market. 1In general, triethylens
glycol as a coproduct tends to be produced in quantities far less than
the market will bear, while DEG is produced in quantities generally
determined to be "to large," i.e. not profitable enough. Firms then
tend to force production of triethylene glycol directly by reacting
DEG with EO. In this way, firms mighg Possess some price diascretion
by varying supply. This explains some of the profitability. Also,
end-use demandes tend to be more specialized in comparison with the
lower glycols. The 1382 average realized price was $§1.33/kg. The
most recent spot price available at the time of this writing is $1.45.
Prices appear to be firm, despite declining feedestock costs.

17.2.3 Elasticities

The demand elasticity for triethylene glycol is estimated on the
basis of available substitutes for ethylene glycecl, as well as
substitutes for end-uses. The potential for import substitution is
also examined.

17.2.3.1 pemand Elasticities
17.2.3.1.1 Batural Gas Dehydrator. Forty-nine percent of

triethylene glycol is used in natural gas dehydration. A variety of
substitutes exist, including silica gel, activated alumina, and
melecular sieves. Triethylene glycol tends to have a cost advantage
over these compounds when normal dehydration is required. However,
when extremely dry gas is needed, triethylene glycol performance is
substandard. triethylene glycol demand is estimated as moderately
inelastic in this sector. '

17.2.3.1.2 Plastjcizer Raw Matgrial. Fourteen percent of

‘triethylene glycol is used as a plasticizer raw material. In this
end-use market, many substitutes exist for triethylene glycol
including phthalates, which are low-cost, general-purpose
plasticizers. Triethylene glycol demand is estimated to be slightly
inelastic in this market, possibly leaning towards unity.
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17.2.3.1.3 Polyester Resing. Thirteen percent of triethylene
glycol is used in polyester resins to impart flexibility. Other
glycels, including propylene glycol, are readily available substitutes
for this use. Here too, triethylene glycol demand is judged slightly
inelastic, hovering in the area of unity.

17.2.3.1.4 Solvent. Twelve percent of triethylene glycol is
used as a solvent, primarily in aircraft deicing formulas. Ethylene
glycol and propylene glycol are available as substitutes, Triethylene
glycol demand is judged to be slightly inelastic in this industry.

17.2.3.2 Imports - - )

Triethylene glycol imports are insignificant. Therefore,
pricing decisions will be made on domestic congiderations, without
fear of import substitution.

17.2.3.3 Elasticity Estimate
Within each end-use sector except one, demand elasticity is near

unity. However, the primary end-use, natural-gas dehydration,
accounts for 49% of triethylene glycol demand, and has the more
moderate demand elasticity. Also, imports appear to be inaignificant.
A demand elasticity of moderately inelastic, or =-.34 to ~.67, is
deemed to cover the range of triethylene glycol elasticity.

17.2.4 Market Structure
Table 17~8 summarizes the parameters for the market structure of

triethylene glyccl. Nine firms are'currently producing triethylene
glycol. The four-firm concentration ratio is 79.3 percent, signifying
moderate to substantial market power. The HHI is 2,045.6, which falls
in the range of substantial market power. Captive consumption is five
percent, indicating a slight level of vertical integratioh. On average,
gix chemical compounds are produced at triethylene glycol sites,
suggesting a substantial level of horizontal integration. Imports in
the industry are insignificant. In summary, the market structure of the
triethylene glycol industry is highly cligopolistic, and firme are
likely to absorb a significant portion of HON compliance costs.

i7.2.5 cts on Price, Output otal venu and Empl

Impacts on price, output, total revenue, and employment in the
ethylene glycol industry for option one control costs are presented in
Table 17-9.
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TABLE 17-9. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE TRIETHYLENE GLYCOL INDUSTRY',
OPTION ONE CONTROL COSTS

W

Elasticity
~0.34 -0.67
%4 Price (%/kqg) 0.11% 0.11%
& Price ($/kg) $.0014 $.0014
%a Output (%/kg) (0.04%) (0.07%)
a Output (10* kg) (-025} {-050)
%2 Total Revenue 0.07% 0.04%
A Total Revenue (10° §) $.065 $.033
2 Employment 0 0

(# of Employees) -

lgased on Production Weighted Average Cost
DEFINITIONS:
4 = Change In

Market Price = $1.33/kg

1995 Output = 68.57 x 10° kg (based on 1989 production at 2
percent annual compound growth)

1595 Total Revenue = $91,201,398.63 (market price x 1995 output)

1995 Employment = 249
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17.2.5.1 option One Control Coste

Option cne control costs represent the estimated actual HON
control cost that an industry will incur. The weighted average
percentage price increase of .11 percent leads to a price increase
§.0014 per kilogram. For the two elasticity levels of - .34 and -.67,
the decrease in output is 25 thousand kilograms {.04%) and 50 thousand
kilograms (.07%), respectively.

Facility 11lA, which iz both the highest cost and the smallest
Plant in the industry, accounts for 1.97 million kilograms of industry
production. If this facility absorbs the entire output losa, it would
lose from 1.3 percent to 2.5 percent of its production. No employment
loss is projected. ‘It is unlikely that HON controls woulé lead to
closure given triethylene‘glycol coste alone, as it is a coproduct of
the lower glycols, which account for a much larger share of plant
production. The impact of option one controls on triethylene glycol
facilities is negligible.

17.2.6 Conclusion
'  The range of control costs are from $.0011 per kilogram to §$.0027
per kilogram, The differential is small, and the production-weighted
average price increase is probably an accurate estimate of the actual
pPrice increase. Triethylene'glycol is a small volume chemical, produced
as a coproduct of the lower glycols. HON impacts on this chemical must
be looked at in tandem with controls on the other glycols. Impacts for
triethylene glycol alone are negligible.
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CHAPTER 18
BISPHENOL-A PRODUCTION

18.1 INDUSTRY PROFILE

Bisphenol~A (BPA), also referred to as 4’ ,4’'-isopro-
pyiidene—diphenol, ie produced by the condensation of phenol and
acetone. It is the primary raw material in the production of
polycarbonate resins and epoxy resine. Only 32 percent of 1989
domestic production was sold on the merchant market.'

18.1.1 Brief Market Introduction
18.1.1.1 Hisetorical Overview

Two commercial graées of bisphénol—n are sold,
polycarbonate-grade and epoxy~-grade. Most BPA sales are made at
negotiated prices.? Because the majority of polycarbonate-grade BPA is
consumed captively, it is Gifficult to determine its average realized
price.? ,

Table 18-1 does 1ist the historical average realized price for
epoxy-grade BPA. From 1986 to 1989 price steadily increased to a
ten-year high of $1.22 per kilogram in 1989, Epoxy~grade BPA prices
were driven by increased epoxy resin consumption; during the time
period, consumption grew at a 6 to 7 percent compounded rate.*

Though pricing data are unavailable for the polycarbonate-grade
BPA, it is likely that average realized value also rose from 1986 to
1989. This is suggested by the fact that polycarbonate resin demand in
the late 1980s experienced growth of 8 to 10 percent annually.’

Comparing the two BPA grades, producers consider the
polycarbonate-grade to be more value-added.® The polycarbonate resin
market is larger and less mature than the epoxy resin market.” In 1989,
the list price for polycarbonate-grade BPA was nine cents per kilogram
higher than the epoxy-grade BPA list price.®’

18.1.1.2 Recent Develcpments _
In January 1990, the list price of epoxy-grade BPA ranged from

$1.92 to $2.07 per kilogram, while polycarbonate—-grade BPA ranged from
$2.00 to'$2.16 per kilogram.*® These same ranges applied in July and
December 1990, and March 1991.'M&8



TABLE 18-1. AVERAGE REALIZED PRICE OF BISPHENOL-A
(EPOXY-GRADE), 1980-1989

Price

($/kg)
1989 : 1.22
1988 1.21
1987 1.08
1986 0.95
1985 - _  1.06
1984 - ' N.A.
1983 ' ' _ N.A.
1982 N.A.
1981 | N.A.
1980 1.06

N.A. - Not available.

NOTE: Average realized price for polycarbcénate-grade
BPA is unavailable. Most polycarbonate-grade
is consumed captively; thus, values are
difficult to determine. However, according
to Mannsville Chemical Products Corp., the list
price for polycarbonate-grade in 1989 was almost
9 cents per kilogram higher than the list price
for epoxy-grade BPA.

Sources: Mannsville Chemical Products Corp.,
"Chemical Products Synopsis -- Bisphenol-a,"
August 1%90; U.S5. International Trade
Commission, Synthet Organ Chemicals,
1988, 1989,
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18.1.2 pemand Conditions
18.1.2.1 Uses for Bisphenol-a

BPA derivatives are used in a variety of industries including
automotive, housing, aircraft, appliances, and electronics. Table 18-2
liats the uses of BPA and their perceﬁtage of total consumption.
Accounting for 61 percent of BPA consumption is the manufacture of
polycarbonate (PC) resins. These resins are made by reacting BPA with
phosgene. Besides being the largest volume BPA derivative, PC resins
are the largest volume engineering plastic.“ Engineering plastics are
used, in part, as metal replacements in autos, appliances, and
electronice. Polycarbonates are also used in high-performance moldings
and shatterproof window glazing. PC resins are used heavily in the
automotive and construction industries.’® Also used heavily in the
automotive and constructioﬁ industries are epoxy resins.'® These resins
are produced by reacting BFA and epichlorohydrin. The biggest uses of
epoxy resins are in protective coatings, adhesives, and plastica. The
resins also are used in laminating printed circuit boards and for
encapsulating electrical devices.

Miscellaneous derivatives of BPR include tetrabromobisphenol-A,
bisphencl-A-formaldehyde resins, polysulfone resins, and polyarylate
resins. Tetrabromobisphenol-A is a flame retardant.
Bisphenol-A-formaldehyde resins are used in specialty applications, such
as inks, coatings, varnishes, and abrasive binders.

18.1.2.2 Consumption
Table 18-3 lists domestic apparent consumption of BPA from 1980

to 1989. Consumption increased 308 million kilograms from 1980 to 1989.
A significant part of this growth occurred from 1986 to 1988;
consumption of BPA went from 398 million kilograms to a decade-high 563
million kilograms. Increased BPA consumption during this period was -
driven by increased demand for PC resins and epoxy resins. As
previously mentioned, in the late 1980s PC resins experienced demand
growth in the range of 8 to 10 percent annually. From 1986 to 1989
epoxy resin consumption grew 6 to 7 percent annually. BPA conauﬁption
dipped by 33 million kilograms in 1989; at the end of the year demand
for BPA derivatives began to slump due in part to the slump in the
automotive and construction industries."
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TABLE 18-2. USES OF BISPHENOL=-A, 1990

Percent
of Total
Consumption
Polycarbonate resins 61%
Epoxy resins 28%
Migcellaneous" 11%

*Includes tetrabromobiosphenol=A,
pelysulfone resins, polyarylate
resins, and bisphenol-A-formaldehyde
resins. :

Source: Chemjcal Marketing Reporter,
September 24, 1990, p. 54.
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TABLE 18=-3. APPARENT CONSUMPTION OF BISPHENOL-A
IN THE U.S., 1980-1989

Apparent
Consumption*

(10° kq)
1989 530
1988 563
1987 404
1986 398
1985 S _ 402
1984 N | N.A.
1983 N.A.
1282 N.A.
1981 _ _ N.A.
1580 222

*production plus imports, minus exports.
Because inventory changes are ignored, this
is a simplified estimate of consumption.

N.A. - Not available.

Sources: Chemical & Engineering News, June
18, 1990, p. 39; Mannsville Chemical

Products Corp., "Chemical Products
Synopsis —- Bisphenol-A," August
1990; U.S. International Trade

Commission, Synthetic Organi¢ Chemicals,
1989.
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18.1.2.3 Exports

U.S. exports of BPA from 1980 to 1989 are listed in Table 18-4.
Exports reached a high of 50.8 million kilograms in 1987, accounting for
11.2 percent of production. The steep increase in exports from 1986 to
1987 (+ 42%) resulted from a weakening U.S. dollar."

18.1.2.4 [Fyture Prospacts

BPA demand growth is dependent on its two main derivatives (PC
and epoxy resins) which account for BY percent of BPA consumption."
In turn, polycarbonate resins and spoxy resins are partly dependent on
the automobile and housing industries.® With the recent slump in
these sectors, PC and epoxy resin growth has slowed.
. In spite of this downturn, growth is expected to pick up.
- Chemical Marketing Reporter has characterized the BPA market as being
"fundamentally strong."® After the 1990 downturn, PC resing are
forecast to grow 5 to 8 percent annually through the 1990s.22 Epoxy
resins have limited future growth opportunities in protective coatings
and adhesives, but good growth opportunites in electrical/electronic
applications.® They are forecast to grow 3 to 5 percent annually
through 1995.% Overall, BPA consumption is forecast to increase S
percent annually over the next five years.” _

Exports will decrease as more BPA capacity is installed over-

seas, especially in Japan and Europe.?®

18.1.3 Supply Conditions
18.1.3.1 Production Processes

BPA is produced via the condensation of phencl and acetone,
Phenol and acetone are used in approximately a two to one mole ratio.?
Though BPA plants are relatively simple, the production proceses is
delicate because a number of impurities are formed.”® Epoxy resins can
be manufactured despite these impurities. However, the crude BPA must
be purified for use in PC resin production. In early batch proceases,
purification was achieved using a high-cost crystallization prbcess.
The cost of purification has been reduced with the advent of newer
processes which use distillation and extractive crystallization under
pressure.

18.1.3.2 Domestic cers_and To Product

BPA is manufactured domestically by four producers. Table 18-5
details the four by plant location and capacity. Total industry capa-
city ie 607 million kilegrams. All four BPA producere also make phe-
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TABLE 18-4. U.S. EXPORTS OF BISPHENOL-A, 1980-1989

Percent
Quantity of U.S.
(10% kg) Production’
1989 43.1 7.7%
1588 46.7 7.7%
1987 50.8 11.2%
1986 . 35.8 8.2%
1885 . 28.1 6.5%
1984 - N.A. > N.A.
1983 N.A. N.A.
1982 N.A. N.A.
1981 N.A. N.A.
1980 18.1 (est.)  7.5%
*See Table 18-6.
N.A. - Not available.
est. - Estimate.
Source: Mannsville Chemical Products Corp.

*Chemical Products Synopsis --
Bisphenol-A." August 1990.



. TABLE 18-5. U.S. PRODUCERS OF BISPHENOL~A, 1990
Ca?acity
Company Location {10®* kg/yr)

Aristech Haverhill, OH 103
Dow Freeport, TX lo02
General Electric* Burkeville, ALY 75
Mt. Vernen, IN 168

Shell Deer Park, TX 159
607

*CE‘s entire production is captively consumed.

*This facility was not due to start producing until

199]1.

Source: Chemical Marketing Reporter, September 24,

1990.
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nol and acetone, the two BPA feedstocks.®®

Total U.S. productioﬁ for the decade is reported in Table 18-6.
Production increased almost steadily from 1980 to 1%88, then dropped
in 1989 as BPA derlvative demand dropped in the latter part of the
year. The largest production total, 608 million kilograms, occurred
in 1988.

According to Chemical Marketing Reporter, capacity utilization

in 1989 was almost 100 percent.?

18.1.3.3 Costs of Production

BPA‘s primary. sources of production costs are the two
feedstocks, acetone and phenol.

Acetone’'e trade lisﬁ price has gone from 64 cents per kilogram
in January 1990 to 80 cents per kilogram in March 1991.%% 1n 1990,
acetone supplies were considered to be “"very tight."¥ However, ace-
tone demand should be supplied by imports, inventories, and on-purpose
production. BPA accounts for 14 percent of -acetone consumption.®

The price of phenol decreased from 95 cents per kilogram in
January 1990 to 72 cents in March 1991.%% Phenol is currently in
oversupply. This is expected to correct iteelf when derivatives such
as BPA experience increased growth.® 'BPA is the second leading deri-
vative of phencl, accounting for 30 percent of phenol consumption.”®
Mgnneville Chemical Productg Corporation is of the opinion that U.S.
producers of phenol would probably give preference to higher-value-
added derivatives such as BPA in the event of a phenol shortage.®

18.1.3.4 JImports
Table 18-7 lists imports. Prior to 1987, imports were leess

than 227,000 kilograms (lees than 1% of consumption) and considered
negligible." There was an 8.6 million kilogram increase in imports
from 1988 to 1989. The reason for this increase is unknown.

18.1.3.5 Future Prospects

The U.S. BPA market is in a temporary state of overcapacity due
to slumping demand in 1920. General Electric had already completed
its Burkeville, AL plant in early 1990, but with the demand slump for
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TABLE 18-6. U.5. PRODUCTION OF BISPHENOL~A,

1980-1989

Quantity

{(10° kg)
1589 . ' 563
1988 608
1987 454
1986 434
1985 430
1584 p . 346
1983 ' 292
1982 ‘ 218
1981 : 252
1980° - 240

Sources: Chemical & Engineering News, June 18,

1990, p. 39; U.S. International Trade

Commission, Synthetic Organjc Chemicals,
1989,
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TABLE 18-7. U.S. IMPORTS OF BISPHENOL-A,

1980-1989

Quantity Percent of U.S.

(10° kg) Consumption®
1989 . 10.4 2.0%
1988 1.8 0.3%
1987 c.9 0.2%
1986 _ Neg. Neg.
1985 - Neg. ' Neg.
1984 " * Neg. : Neg.
1983 Neg. : | Neg.
1982 Neg. Neg.
1981 Reg. Neqg.
1980 ' Neg. " Reg.

iSee Table 18-3.

Neg. - Negligible. According to Mannsville
Chemical Products Corp., imports of BPA
prior to 1987 were less than 227,000
kilograms (1% of consumption).

Source: Mannsville Chemical Products Corp.,

"Chemical Producte Synopsis ——
Bisphenol-A," August 19%0.
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PC resins, has not yet used the plant for production.® Shell was
scheduled to expand capacity by 57 million kilograms in late 1990.¢
This overcapacity will be reduced once the growth for PC and epoxy
resins picks up.

While acetone is in tight supply, phenol is in a temporary
state of overcapacity. These two chemicale, especially phenol, depend
on BPA growth. However, BPA must also compete against larger end uses
of acetone and phenol (for example, acetone's derivative methyl
methacrylate).

18.1.4 PFuture Market Prospects

BPA demand growth will continue to depend on the growth of its
two primary derivatives, éolycarbonaté resine and epoxy resins. After
a downturn in 1990, overall BPA consumption is forecast to increase 5
rercent annually over the next five years. _

Currently, the BPA market is experiencing overcapacity, the
result of a 1990 demand slump and varioue capacity expansions.
However, as BPA demand picks up this situation is expected to correct
itself. BPA will continue to depend on the costs of its feedstocks,
acetone and phenol. But due to its higher value-added, BPA will have
priority over other phenol derivatives.¥

18.2 ECONOMIC IMPACT ANALYSIS
18.2.1 HON Compliance Costs

A synopsie of annualized compliance costs and summary statistics
for bisphenol-A is presented in Table 18~8. Coste are displayed for
option one controls. Option one controle are the actual estimated costs
that facilities are likely to incur. Figure 18-1 illustrates control
coste graphically. Four facilities are displayed.

Bisphenel-A ig currently being produced via condensation of
phenol and acetone. Since this is the only commercial process, no
analysis of separate process costs is necessary.

18.2.2 Pricing .
Sixty-eight percent of bisphenol-A is consumed captively.

Merchant-market sales of Bisphenol are large volume, and negotiated on
a pale 5} sale basis. Phenol and acetone costs influence Bisphenocl-a
pricing. Phenol has been experiencing weak demang, éffectively

~ dragging down phenol prices. As, phenol softens, less is produced.
Acetone, a coproduct of phencl, experiences tightened supply, and
prices firm up. These pricing trends might counter each other.

-l8=12



TABLE 18-8, CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR BISPHENOL~A PRODUCTION
FACILITIES AND BISPHENOL-A PRODUCTION PROCESSES

Annual Option One
Facility/ Production Controls
Process {10° kg) ($/kg)
1a 147.8 . $0.0107
2A 139.9 $0.0113
3a 89.8 $0.0114
4a 76.6 $0.0114
Summ Stati cs
Mean R $0.0112
Production §0.0111
Weighted
Average
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End-use demand for Bisphenol-A, projected to grow at 5 to 8 percent
annually, could put upward pressure on prices.

18.2.3 Elasgticjties
Demand elasticities for bisphenol-A will be estimated on the

basis of available substitutes for bisphenol-A, as well as pubstituten
for end-uses. The potential for import substitution is alsc examined.

18.2.3.1 Demand Elagtjcities

18.2.3.1.1 Polycarbonate Resinsg
Polycarbonate resins make up 61 percent of Bisphenocl-A demand.

These engineering reésins are currently produced with Bisphenol-A as a
principle ingredient. Other methods have been explored, but the
Bisphenol-A route is the only one which is commercially viable.
Polycarbonates themselves have end-use substitutes, including methyl
methacrylates, nylon resins, acetal resins, and others. 1In this
sector, Bisphenol-AR is considered moderately inelastic.

18.2.3.1.2 Epoxy Resins
Epoxy resins, which account for 28 percent of Bisphenol-A

demand, are dependent on Bisphencl-A as an input. Epoxy resins
themselves have quite a few substitutes, including a variety of other
plastics, as well as glues. The derived demand for Bisphencl-A as
uged for epoxy resins is deemed elightly inelastic. '

18.2.3.2 Imports

Recently, imports of bisphenol-A have been gaining in
importance, growing from .3 percent of U.S. consumption in 1988, to
2.0 percent of U.S. consumption in 1989. While still a relatively
small percentage, the trend could signify increases in the future. If
this is the case, U.$. producers might have to consider import
gsubstitution as a factor when pricing Bisphencl-A.

18.2.3.3 Elasticity Eetimate

The demand alasticity for Bisphenol-A within the two end-use
sectors ranges from slightly inelastic to moderately inelastic. Given
the importance of polycarbonates in end-uses, demand for Bisphenocl-A
is estimated to be in the moderately inelastic range of -.34 to -.67.
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18.2.4 Market Structure

Table 18-9 summarizes the parameters for the market structure of
bisphenol-A. Four firms are currently producing bisphencl-A. Thuse, the
level of verticle integration. On average, 8 chemical compounds are
produced at bisphencl-A sites, suggesting a substantial level of
horizontal intergration. Imports in the industry are slightly
important, and will have minimal effect on bisphenol-A. 1In summary, the
market structure pricing for bisphenol~A is highly oligopolistic, and
firmes will likely absorb a significant share of HON control coats.

18.2.5 acts on Pr| Output, Total nue, a

Impacts on price, output, total revenue, and employment in the
bisphenol-a industry for option one control costs are presented in Table
18-10.

18.2.5.1 oOption One Control Costsg

Option one control costs represent the actual estimated cost that
an industry will incur. The production weighted average percentage
price increase of .56 percent leads toc a price increase $.0111 per
kilogram. For the twe elasticity levels of -.34 and -.67,
the output reduction is 1.2 million kilograms t0.19%) and 2.3 million
kilograms (0.38%), respectively.

The maximum decline in output of 2.3 million kilograms makes up
1.3 percent of the output of the Pacility 4A, which is both the smallest
facility and the facility with the highest compliance cost. The loss in
employment is estimated to be from 6 to 12 employees. Thus, HON
bontrols will have a minimal impact on the bisphenol~A industry.

18.2.6 Conclusion

The range of costs in the total industry control scenario is
$.0176 to 5.0185. The differential is small, indicating that the
production-weighted average cost is a reaéonable estimate of the cost
burden of each facility. Since, 68 perecnt of bisphenol-A is consumed
captively, price changes are likely to be felt in end-use markets. The
impact of HON controls in the bisphenol-A industry will be negligible.
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TABLE 18-10. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE BISPHENOL-A INDUSTRY!,
OPTION ONE CONTROL COSTS

T = = ™)
Elastjcity '
-0,34 -0.67
%a Price (%/kq) 0.56% 0.56%
A Price (§5/kg) §.0111 $.0111
%a Output (%/kg) (0.19%) (0.38%)
4 Output (10° kqg) {1.2) {2.3)
%2 Total Revenue 0.37% 0.19%
4 Total Revenue {10° §) $4.5 $2.2
& Employment ) {6} (12)

(# of Employees)

'‘Based on Production Weighted Average Cost
DEFINITIONS: '

4 = Change In

Market Price = §1.98/kg

1995 Output = 608.5 x 10° kg (based on 1989 production at 5%
annual compound growth)

1995 Total Revenue = $1,204,851,044.42 (market price x 1995
ocutput) '

1995 Employment = 3,283
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CHAPTER 19
TEREPRTHALIC ACID/DIMETHYL TEREPHTHALATE PRODUCTION

19.1 INDUSTRY PROFILE

Terephthalic acid {TPA) is categorized as an aromatic acid. It
is mold as a free acid or as an ester, dimsthyl terephthalate (DMT).
TPA and DMT are two separate chemicale, both of which are polyester’s
two major aromatic feedstocks.! The U.S. International Trade
Commission, which reports domestic production and sales data for
organic chemicals, groups TPA and DMT together. Consequently, every
table, except Table 19-1, in this profile concerne both chemicals.

19.1.1 Brief Market Iptroductjon
19.1.1.1 Higtorjcal Overview
TPA pricing ia based on a formula developed by Amoco Chemical

Company, the world leader in TPA capacity.? The formula calculates
price based on paraxylene costs, labor costé, olil costs, and the
wholesale price index.? The price of DMT, in turn, is
stoichiometrically based on the price of TPA.Y TPA trade list prices
from 1980 to 1989 are listed in Table 15-1. The price rose from 1986
toc 1988 as consumption of TPA and DMT increased. It is net known
whether TPA or DMT are discounted.

19.1.1.2 Recept Developments
TPA was priced at €7 cents per kilogram and DMT at 61 cente per

kilogram in the first quarter of 1990.° As a point of reference,
paraxylene was 56 cents per kilogram.® In the second guarter, paraxy-
lene fell from 56 cents tc 51 cents per kilogram, pushing TPA down to
62 cents and DMT to 58 cents.’

19.1.2 pemand Copditione
19.1.2.1 Uges for Terephthalic Acid/Dimethvl Terephthalate

Table 19-2 details the various end uses of TPA and DMT. The
manufacture of polyester fibers is the dominant end use accounting
for 63 percent of TPA/DMT consumption. Either TPA or DMT can be used
as a polyester raw material, though the two are not interchangeable in
the same facility.® Apparel and home furnishings are the primary
outlets of polyester fibers.’ They are also used in tire cord and
other industrial products. Polyester is the leading man-made fiber."
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TABLE 19-1. TRADE LIST PRICE OF TEREPHTHALIC ACID,

1980-1989
Price
{¢/kg)
1989 68 (est.)
1988 61
1987 59
1986 58
1985 67
1984 N.A.
1983 N.A.
1982 N.A.
1981 N.A.
1980 79
N.A. = Not available.

ast, - Eutimate

Source:

Mannsville Chemical Products Corp.,
"Chemical Products Synopsis --
Terephthalic Acid," June 1990,
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TABLE 19-2. USES OF TEREPHTHALIC ACID AND
DIMETHYL TEREPHTHALATE, 1990

Percent
of Total
Consumption
Polyester fibers 63%
PET bottles and plastics 19%
PET tape and films 12%
Miscellaneousa 6%

aIncludes tersphthalate engineering resins.
Source: Mannsville Chemical Products Corp.,

*Chemical Products Synopsis —-
Terephthalic Acid,™ June 1990.
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TABLE 19~3. APPARENT CONSUMPTION OF TEREPHTHALIC ACID
AND DIMETHYL TEREPHTHALATE IN THE U.S., 1980-1989

Apparent
Consumpt ion*

(10° kg)
1989 3,162
1988 3,968
1987 2,813
1986 2,248
1s8S o ’, ) 2,422
1984 N.A.
1983 ' . : N.A.
1982 N.A.
1981 . " N.A.
1580 ' 2,565

'Production plus imports, minus exporte. Because
inventory changes are ignored, this is a simplified
estimate of consumption. Because imports for
terephthalic acid and dimethyl terephthalate are not
significant, they are also not factored into the
calculation,

N.A. - Not available.

Sources: Chemical & Engineqring Newg, June 18, 1990, p.
1 in

39; &y, March 19,
1990; Manneville Chemical Producta Corp.,
"Chemical Products Synopsis -- Terephthalic
Acid," June 1990; U.5. International Trade
Commisglon, t Oor C 1.,
1949,
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other industrial products. Polyester is the leading man-made fiber.'"

In 1989 an estimated 907 million kilograms of PET (polyethylene
terephthalate) resins were produced." Of this total approximately 60
percent was used in PET bottles, while about 40 percent was used in
PET tape and film.? Nineteen percent of TPA/DNT consumption is used
to make PET bottles, microwaveable trays, and packaging. Another 12
percent is used in PET tapes and films. PET film applicatione include
amateur and professional photographic film, x~-ray f£ilm, and microfilm.
For engineering drawings, polyester film is the standard material.®
Magnetic recording film is slit into tape form for computerized disks,
as well as audio and videocassettes. '

Among the miﬁcells@eous uses of TPA and DMT are terephthalate
engineering resins, including polybutylene tersphthalate (PBT}. FBT
has important applications in molding various plastic products and
specialty bottles. Also, rigid alloys of PBT are used in molding
automotive body parts.

19.1.2.2 Consumption

Historical apparent consumption in the U.S. is listed in Table
15-3., PFrom 1987 to 1988, consumption of TPFA and DMT increased by
1,155 million kilograms (+41%). The 3,968 million kilograms of
TEA/DMT consumed in 1988 was a ten-year high. Bigh'demand for TPA
by polyester producers drove this increase. The 1989 total was 806
million kilograme lower than 1988. This resulted from reduced
‘domestic polyester fiber demand; fiber demand decreased due to a high
level of textile and clothing imports.!

19.1.2.3 Exporte _

Table 19-4 contains data on U.S. exports of TPA and DMT. The
largest quantity shipped abroad was in 1988, when 673.6 million
kilograms were exported. This was in response to a high level of TPA
demand in Far Eastern markets, which was driven by high polyester
fiber demand.'® Exports dropped by 13.3 million kilograms in 1969 as
new foreign TPA/DMT capacity came on line.

19.1.2.4 Future Prospects

TPA/DMT demand in the U.S. ies expected to grow two to three
percent annually in the near future.'” Long~term polyester demand is
expacted to be flat.®

Since polyester fibers account for 63 percent of TPA/DMT
consumption, the slide in their growth overshadows good prospects for

'19-5



TABLE 19-4. U.S. EXPORTS OF TEREPHTHALIC ACID
AND DIMETHYL TEREPHTHALATE, 1980-1989

Percent
Quantity of U.8.
(10° kq) Production®
1988 660.3 17.3%
1988 673.6 14.5%
1987 635.0 18.4%
1986 589,7 20.8%
1985 - . 521.6 : 17.7%
1984 . N.A. N.A.
1983 N.A. o N.A.
1982 N.a, N.A.
1981 ' N.A. " N.A.
1980 181.4 6.6%

‘See Table 19-6.

Sources: Chemical Marketing Reporter, March 19,
1990; Manneville Chemical Products
Corp., "Chemjical Products Synopsis —-
- Terephthalic Acid,”™ June 1990.



PET applications. PET bottles and plastice will experience annual
growth of eight to ten percent for the next several years."” A more
moderate rate of growth, three to four percent annually, is forecast
for PET tapes and films, which are more mature.®

However, there are two important footnotes with respect to PET
applications. First of all, PET bottles can be substituted with glass
and aluminum. Soda makers, for example, have the ability to switch
easily between the three.? If paraxylene costs rise markedly, PET
bottles will ultimately become less competitive. Secondly, PET film
is currently in oversupply, and is being hurt by imports from the Far
East.? -

The best groﬁﬁh prqspects may be for terephthalate engineering
resins. Though growth rates have not been forecast, these resins have
been experiencing growth of Bix to ten percent annually.?

World demand for TPA is forecast to grow eight percent
annually.* This is much greater than the U.S. grbwth forecast.
Cumulative growth over the period ie 71 percent.® However, world TPA
capacity is expected to double in this period.*® Because of looming
worldwide covercapacity, U.S. exports are likely to deacrease.
Traditional importers of PET plastics, TPA/DMT, and paraxylene are
building their own plants and, in many cases, integrating backward.?

19.1.3 Supply Conditjons

19.1.3.1 Production Procepses
The majority of TPA is produced by the Amoco process.? The

process produces fiber-grade TPA by the liquid phase air oxidation of
paraxylene. TPA can also be produced via hydrolysis of DMT.

The most widely used process to produce DMT involves a number
of steps. Paraxylene is oxidized to p-toluic acid, which ie esterified
to p-methyl toluate. Subsequently, the toluate is oxidized to
monomethyl TPA, which is then esterified to DMT.

19.1.3.2 Domestic Prodycers and Total Productjon :
Total domestic TPA/DMT capacity in 1990 was 3,425 million

kilograms (refer to Table 19-5). Producers have been increasing their
emphasis on TPA over DMT.” Early polyester fiber plants were based
on DMT because it was easier to purify.® However, newer processes
yield purified TPA of suitable quality. Alsco, newer TPA processes
yield more polyester than the DMT process.” The DMT process also
produces methanol, which has to be recycled, as opposed to the TPA
process which only produces water as a byproduct. These explain the

19-7



TABLE 19-5. U.S. PRODUCERS OF TEREPHTHALIC ACID AND
DPIMETHYL TEREPHTHALATE, 19590

: Capacity

Company Location (10° kg/yr)
Amoco Decatur, AL 953
Charleston, SC : 499
Cape Industries" Wilmington, NC 590
DuPont® Cape Fear, NC 544
old Hickory, TN 227
Eastman Kodak® L Columbia, SC 408
. Ringsport, TN —20d
3,425

‘Hoechst Celanese owns 74 percent of Capé Industries.

*DuPont is converting from DMT to TPA production for its fiber
operation. . : .

‘Eastman is converting from DMT to TPA production.

NOTE: Only two firme supply DMT to the merchant market, Cape
Industries and DuPont.

Sources: Mannsville Chemical Products Corp., "Chemical Products

Synopeis -- Terephthalic Acid," June 1990; Chemjcal

Marketing Reporter, March 12, 1990, p. 11.
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current conversions by DuPont and Eastman Kodak from DMT production to
TPA production. Only two firms now supply DMT to the merchant market,
Cape Industries and DuPont.? Cape Industries considered switching to
TPA production but will not since itz majority owner, Hoechst
Celanese, is the largest DMT buyer.®

Table 19-6 details historical production in the U.S. The
ten-year high in 1988 of 4,642 million kilograms was in response to high
domestic TPA consumption by polyester fiber producers and high
exports. In 1989 production dropped in response to decreased domestic
demand.

19.1.3.3 CQéﬁg of. Prodyctjon
Paraxylene is the TPA/DMT feedstock. TPA and DMT are the only

commercial outlet for paraxylene, accounting for 100 perxcent of
consumption.* Compared to most petrochemicals, paraxylene prices are
get infrequently, on a quarterly basis.* This results in less
fesdstock variation for TPA/DMT producere. In turn, paraxylene is
dependent on the crude oil prices which affect its feedatock of mixed
xylenes.® Between January 1950 and March 1991 the price of
paraxylene decreased from 56 cents per kilogram to 49 cents per
kilogram.¥®

19.1.3.4 Importe

According to Manneville Chemjcal Products Corporation, imports
of TPA and DMT are not significant.® However, apparel and textile
imports have affected domestic polyester fiber production by promoting
decreased consumption of domestically produced apparel and textiles.

19.1.3.5 Fyture Progpects
DMT ie increasingly being phased out as new production

processes make TPA more attractive. Two major producers, DuPont and
Eagtman Kodak, are in the midst of switching to TPA production.

Overseas, capacity additions are forecast to occur at double
the TPA growth rate.®

A major change in paraxylene contract pricing may change TPA/DMT
pricing. Paraxylene producers want to begin pricing on a monthly
basis, as opposed to a guarterly basis.® This is because the cost of
mixed xylenes, the paraxylene feedstock, rose with the increase in oil
prices after the Iragi invasion of Kuwait.? TPA/DMT producers are
countering that this short period of volatility does not warrant a
change in the way paraxylene is priced. A change in the paraxylene
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TABLE 19-6. U.S. PRODUCTION OF TEREPHTHALIC ACID AND
DIMETHYL TEREPHTHALATE, 1980-1989

Quantity

(10° kg)
1989 | 3,822
1988 ' 4,642
1987 3,448
1986 2,838
1985 B 2,944
1984 ' ‘ 2,682
1983 ' _ 2,552
1s82 _ 2,195
1981 _ . 2,828
1980 ' - 2,746

Sources: c - & in i N s June 18,
. 1890, p. 39; U.S. International Trade
Commission, Synthetjc Organic Chemicalg,
1989.
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contract pricing mechaniem would increase cost variability to TPA/DMT
producers, but would not necessarily change the averags level of
feadstock costs.

-Over the next several years Manneville Chemical Products
Corporation forecasts modest escalation in TPA/DMT prices as

paraxylene costs escalate in line with crude oil prices.®
The future level of textile imports will affect the demand for
TPA/DMT by domestic polyester fiber producers.

19.1.4 Future Market Prospects
TPA/DMT demand is expected to grow at a moderate rate of two to

three percent due to decresased domestic polyester fiber demand. PET
applications, especially PET bottles and plastics, will have good
growth. Exports will decrease as new foreign capacity comes on line
and precipitates worldwide overcapacity. _

The pradominant trend on the supply side is a switch among
domestic producers from DMT production to TPA production. Emphasis is
being placed on TPA dus to a more efficient broductian process. Costs
of production could fluctuate to a greater degree if paraxylene
producers switch from quarterly pricing to monthly priecing.

19.2 ECONOMIC IMPACT ANALYSIS

19.2.1 HON Compliance Costs
A synopsis of annualized compliance costs and summary statistics

for TPA is presented in Table 19-7. Costs are presented for option one
controls. Option one controls are actual estimates of control costs
that facilities are likely to incur. Figure 19-1 illustrates the same
information graphically. Nine facilities are diesplayed.

In analyzing ﬂON control costs for this industry, TPA and DMT
are viewed as separate processes for producing the same chemical.
While this is not completely accurate, all of the literature
concerning this industry, as well as the U.5. International Trade
Commission, groups the two together when reporting data. Therefore,
discussion of TPA impacts include DMT, and production of DMT is
referred to as process C. Two other processes are currently used to
produce TPA: acid oxidation of paraxylene (process A}, and by
hydrolysis of dimethyl terephthalate (DMT) (process B). The
compliance cost differential between processes is less than one cent
per kilogram, and between facilities is less than one-half cent per

19-11



TABLE 19-7. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR TPA/DMT PRODUCTION
FACILITIES AND TPA/DMT PRODUCTION PROCESSES

Annual Option One
Pacility/ Production Controls
Process (10° kg) {S/kg)
ic 588.0 $50.0086
2C 194.6 50.0087
aa 506.8 $0.0088
4n _ 636.0 $0.0092
5C 739.4 $§0.0093
6A 166.6 $0.0093
7A - 181.4 $0.0096
8a : 433.8 - §$0.0097
SAKB 619.4 $0.0103
Co Com roc
Process A 2,659.5 50.0094
(acid oxidation
" of paraxylene)
Process B - 116.1 _ $0.0138
(hydrolyseis of
dimethyl
terephthalate) _
Process C 1,289.4 §0.0087
{production of
DMT)
8 S cs
Mean ' ' $0.0093
Production $0.0053
Weighted
Average

19-12



tnayng jo by 30 sSuolIN
oo_o.v 006'C 009'C COVE 00Z'E o..“o.n 00wz 0092 00¥'Z 00ZZ amo.u o0g'l o9 aov'l 00 2“3
3 i L . 'l L I L Il

o..ue 009 O__Ot QWN

8|
]
A

pbossay pojyblam-uoysnpoid

SIILITOVA NOILONQOUd LWQ/VvdL HOd
ST0HLNOD NOH J0 WVHOOTM ¥3d SLSO0Q Q3ZIMVNANNY 3ALLYINWND

o .

- 520070
L 0500°0
- €200°0

U1~ 3dn9td

- 0000
- SZI0'0
- 0SK0'0
- §410°0

~ foozoo

- S2Z0°0
- 062070
- $420°0
-00g£00
- SZE00
- 06£0°0
FSL80°0
-O0w0C
- S2P00
- 0S¥ 00
-SiP0°0
- 00800
- G250°0
- 0550°0
- G250°0
009070
- G290°0
- 05B0°0
- GA90°0
- 00L0°0

By/$

1509 (04juen Uy uoldQ

19-13



kilogram, so the production-weighted average cost ls probahly an
accurate measure of the actual price change in the industry.

19.2.2 pricing

TPA and DMT prices differ slightly. The TPA price of §.72 per
kilogram is used in this analysis, because it is lower than the DMT
price of $.77 per kilogram, and so will not understate the impacts.
Pricing is tied primarily to paraxylene costs, which are the principle
feedstock, but are also based on fuel oil pPrices and the wholesale
price index as well. End-use demand for TPA is projected to grow two
to three percent annually in the near future, and probably won’t
increase beyond this as the pelyester market is mature. Hence, prices
are apt to be atable. ' '

19.2.3 Elasticities

Demand elasticities for TPA will be estimated on the basis of
available gubstitutes for TPA, as well as substitutes for snd uses.
The potential for'imﬁort substitution will also be examined. Tendency
for process substitution is negligible, and will not be analyzed.

19.2.3.1 Demand Elasticities
©19,2.3.1.1 Polyegter Fibers

Polyester fibers, accounting for 63 percent of TPA demand,
appear to be highly dependent on TPA as an input. Polyester is the
synthetic material used in the largest quantity by the textile
industry. Moreover, the character of polyester fiber (i.e. texture,
washability, durability, etc.) stems from ite TPA component, in
combination with the other principle input, namely ethylene glycol or
a higher glycol. However, polyester fibers themselves do have
substitutes, including other synthetic fibers, and natural fibers like
cotton and wool. In many cases, blends of polyester and natural
fibers are the textiles of choice for consumers. The demand for TPA
is judged to be to moderately inelastic in this end-use gsector.

19.2.3.1.2 polvethylene Terephthalate

Polyethylene Terephthalate accounts for 31 percent of TPA
demand, 19 percent allocated to bottles and plastiés, and 12 percent
to film and tape. Both nylon and acetal resine are rossible
substitutes for PET in bottle and plastic applications, but PET
appears to combine the low-cost and performance attributes which make
it an attractive choice. 1In tape and film applications, substitutes
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also exist, including cellophane, vinyl, and teflon. However, these
substitutes also tend to have coat or performance disadvantages. The
demand for TPA is regarded to be to moderately inelastic in this
end-use sector.

15.2.3.2 Importa

Imports are thought to be insignificant in the TPA market, so
domestic producers will not be hindered by the prospect of import
substitution.

19.2.3.3 Blasticity Estimate
The demand elasticity in each sector is clearly inelastic, with

imports having minimal -ffect, and market structure leaning towards
oligopoly. Demand elasticity for TPA is estimated to be in the
moderately inelastic range of -.34 to -.67.

19.2.4 Market Stxycture

Table 19-8 summarizes the parameters for the market structure of
TPA/DMT. Four firms are currently producing TPA/DMT. Thus, the four-
firm concentration ratio is 100%, signifying substantial market power.
The HHI is 2,920, which falls in the range of substantial market power.
On average, 2 chemical compounds are produced at TPA/DMT sites, '
suggesting a slight level of horizontal intergration. Imports in the
industry are insignificant, and will not affect domestic pricing
decisions. In summary, the TPA/DMT market is highly oligopolistic, and
firme will likely absorb a significant portion of HON compliance costs.

19.2.5 Impacts on Price, Oytput, Total Revenye, and Employment
Impacte on price, ocutput, total revenue, and employment in the
TPA/DMT industry for option control costs are presented in Table 19-9.

19.2.5.1 Qption Ope Control Coght

Option control cost represents the actual estimated control
cost that an industry will incur. The production waighted average
percentage price increase of 1.29 percent leads to a price increase
$.0093 per kilogram. For the two elasticity levels of -.34 and -.67,
the output reduction is 20.5 million kilograms {(0.44%) and 40.4 milliion
kilograms (.B86%), respectively.

The maximum decline in output of 40.3 million kilograms makes up
24 percent of the output of the Facility 6A, which, with annual
production of 166.6 million kilograms, is the smallest facility. This
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TABLE 19-9. IMPACTS ON PRICE, OUTPUT, TOTAL
' REVENUE AND EMPLOYMENT IN THE TPA/DMT
INDUSTRY,' OPTION ONE CONTROL COSTS

o s ]

=-0.34 -0.67
z%a Price (%/kq) 1.29% 1.29%
A Price .(5/kg) $0.0093 $.0093
ts OQutput (%/kg) (0.44%) {.B86%)
4 Output (10° kg) {20.5) (40.4)
%2 Total Revenue .85% G.42%
a Total Revenue {(10° §) $28.9 $14.4

a4 Employment’ (41) (80}
(# of Employees) )

lBaged on Production Weighted Average Cost

DEFPINITIONS:

a4 = Change In

Market Price = $0.72/kg

1995 Output = 4,714.1 x 10° kg (based on 1989
production at 2% annual
compound growth)

1995 Total Revenue = $3,394,157,297.26 (market price x
1995 output)

1995 Employment = 9,248
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is significant, and could lead to closure in the most extreme case where
this facility absorbe the entire decline in output. Facility 9A&B is
the highest cost facility, accounting for 619.4. million kilograms of
industry output, and would lose 6.5 percent of its output if it had to
absorb the entire decline. 1In this case, closure is less likely.
However, the variance in cost is gquite small, and the decline in output
could well be shared across the industry. BEmployment is eatimated to
decline from beatween 41 to 80 employees.

While three processes are in use for producing TPA, the cost
differential is small, and HON controls are not likely to atimulate

process change.

19.2.6 Copglugjop
The range of costs is $.0086 to $.0103. The differential is very

small, indicating that the production-weighted average price increase is
probably an accurate measure of the actual price increase that will be
experienced in the industry. The differential ig not enough to
significantly alter the competitive bnlance; either between facilities,
or between processes. Closure cannot be forecasted with any certainty.
While DNMT producers have been dwindling in numbers, HON controls will
have little 1hpact on this trend. The maximum impact could be closure
of the smallest facility. ' '

19.2.7 B&mncﬁ

i. "Polyester Feed Overcapacity Will Affect Prices and Trade."
- Chemical Marketing Reporter, October 15, 1990, pp. 15-17.

2. "Terephthalic Market Levels As DMT, PTA Reach Balance."

: Chemical Marketing Reporter, March 12, 1990, p. 11.

3. Reference 2.

4. Reference 2.

5. Mannsville Chemical Products Corp. "Chemical Products Synopsis
~- Terephthalic Acid.” BAsbury Park, NJ, June 1990.

6. Reference 5.
7.  Raference 5.

8. Refarence 5.

9. Reference 5.
10. Reference 5.
11. Reference 5.
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CHAPTER 20
PROPYLENE GLYCOL PRODUCTION

20.1 INDUSTRY PROFILE

Propylene glycel (PG) is produced by the hydrolysis of
propylene oxide. Almost sixty percent of domestic PG production is
consumed in the manufacture of unsaturated polyester resins (UPRs).!
In 1989, 80 percent of PG production was sold on thg merchant market.?

20.1.1 Brief Market Introduction
20.1.1.1 Histeorical Overview

Two grades of PG are sold on the merchant market,
industrial-grade and USP {or pharmaceutical) -grade.? Trade list
prices are discounted.! _

Table 20-1 lists the average realized price of industrial-grade
PG from 1980 to 1989, The price of PG decreased from 1986 to 1987 '
despite & large increase in demand.’ The implication is that the
rightward shift of demand was cffset by larger rightward shift of
supply. Evidence supporting this argument is a 30 percent increase in
industry output over the game time period stemming from a 13 percent
increase in capacity.f®

Average realized price rose 2 cents per kilogram from 1987 to
1988, then jumped 24 cents (39%) to a decade-high of B6 cents per
kilogram in 1989. The latter increase resulted from increasing
propylene oxide costs.’

Data for the USP-grade average realized prices are unavailable.
However, in 1988 Mannsville Chemical Products Corporation reported
that the grade is usually 7 to 9 cents per kilcgram more than
induétrial-grade PG.°

20.1.1.2 Recent Developments
The trade list price of industrial-grade PG held steady at

$1.23 per kilogram throughout 1990.%° as of April 1991, the price
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TABLE 20-1. AVERAGE REALIZED PRICE OF PROPYLENE
GLYCOL (INDUSTRIAL-GRADE), 1980-1989

Price

(¢/kg)
1989 86
1988 62
1987 60
1986 66
1985 ‘ 71
1984 . ' 77
1983 N.A.
1982 N.A.
1981 N.A.
1980 82

N.A. = Not available.

Sources: Mannsville Chemical Products Corp., "Chemical
Products Synopsis -- Propylene Glycol,” April
1988; U.S. International Trade Commiasion,

Synthetic Organic Chemicals, 1987, 1988, 1989,

20
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wag the same.!” USP-grade PG rose in 1990 from $1.30 per kilogram in
January to $1.43 in December.'™? In April 1991 USP-grade PG was
still $1.43 per kilogram.' This price increase resulted from
increased propylene oxide costs.” The increased feedstock costs did
not affect the list price of the industrial-grade.

20.1.2 Demand Conditjons
20.1.2.1 Uges of Propylene Glvcol

Table 20-2 details the various end uses of PG. Its use as a
raw material ip the manufacture of UPRs consumad 58 percent of 1989
production. UPRs are used in a variety of applications: for bathtubs
and showers in the constriction industry, for boat hulls and swimming
pools in the marine induatfy, and for truck caba and engine hoods in
the automobile industry. Electronics, furniture, and other consumer
items also use UPRas.

Bacause it is an excellent humectant, PG ise used ap such in
foods, pharmaceuticals, and cosmetics as well as in semi-moist pet
foode and tobacco.” PG is also used as an emollient in coesmetics and
pharmaceuticals because it is non-irritating to the skin."” Foods,
pharmaceuticals, cosmetics, semi-moist pet foods, and tobacco together
consume 31 percent of PG output. o

In industry, PG is used as a lubricant and as a heat-transfer
fluid. Six percent of PG output is used for various functional
fluids.

one of PG’'s miscellaneous uses is as raw material for
plasticizers. PG can alec be substituted for ethylene glycol in
various antifreeze-type applications.

20.1.2.2 Consumption _
bomestic apparent consumption of PG from 1980 to 1989 is listed

in Table 20-3. Two large jumps in consumption occurred in the latter
half of the decade. From 1986 té 1987 consumption grew by 44 millien
kilograms (20%). This increase was driven by growing demand for
UPRs.”® Consumption rose again from 1987 to 1988, increasing by 32
million kilograms (12%). Ethylene shortages drove up ethyleﬁe glycol
prices causing many producers of antifreeze-type applications to use
PG instead.” It has been estimated that between 36.3 and 63.5
million kilograms of PG were substituted for ethylene glycoi in
1988.%



TABLE 20-2. USES OF PROPYLENE GLYCOL, 19380

Percent
of Total
Consumption

Unsaturated polyester resins 58%
{(UPRs)
Food, pharmaceuticals, cosmetics 1s%
Semi-moist pet food 10%
Huﬁectnqt for tobacco 6%
Functional fluids : 6%
Miscellaneous" . 5%

‘Includes plasticizers.

Source: Chemical Marketing Reporter, January 1,
1990; Mannsville Chemical Products Corp.,
"Chemical Products Synopsis -- Propylene
Glycol," April 1988.
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TABLE 20-3. APPARENT CONSUMPTION OF PROPYLENE
GLYCOL IN THE U.S., 1980-1989

Apparent
Consumption

(10° kg)
1989 244
.1g9s8 293
1987 ' 261
1986 217
1985 . : 209
1984 214
1983 N.A.
1982 N.A.
1981 N.A.
1980 199

*‘production plus imports, minus exports. Because
inventory changes are ignored, this is a simpli-
fied estimate of consumption.

Sources: Chemical & Engineering News, June 18,

1990, p. 3%9; Chemical Marketing Reporter,
March 5, 1990, p. 15; Mannsville Chemical

Products Corp., "Chemical Products
Synopsis -- Propylene Glycol.” April
1988; U.S. Department of Commerce,
International Trade Administration,
Trade Data Services, Phone Conversation,
April 19, 1951.

20-5



In 1989 domestic apparent consumption fell by 49 millien
kilograms (17%). A downturn in the automobile industry contributed to
decreased demand for UPRs.» This decreased demand was reflected in
2.7 percent decrease in production of UPRs.? Also contributing to
the lower consumption was the fact that substitution of PG for
ethylene glycol did not continue.? Increasing feedstock (propylene
oxide) costs eliminated any price advantage PG had over ethylene
glycol during the 1988 ethylene shortage. PG's average reallized price
of B6 cents per kilogram was almost the same as ethylene glycol‘s
price of 88 cents per kilogram.* '

20.1.2.3 Exports -, ]
Table 20-4 lists PG exports from 1980 to 1989, Since 1984,

exports have grown. This growth was driven in part by a weakening
v.8. dollar.® Strong demand from Europe in 1989 pushed U.S., PG
exports up 34 percent to a decade-high of 121.2 million kilograms.®

20.1.2.4 Future Prospects
Demand growth for PG will be driven by the growth of its

applications. The demand growth of UPRs was flat in early 1990 but
was expected to pick up in the latter part of the year.? . Food,
pharmaceutical, and functional fluid applications are experiencing
strong growth and will continue to do so.”® Functienal fluids are
expected to benefit from a shift away from ethylene glycol-based
products.® This is due to the fact that ethylene glycol is
considered more toxic than PG.%¥

PG's more favorable safety profile also will help producers in
developing a new market, PG-based aircraft deicing products.* In
terms of performance the PG-based products are superior to the
currently used ethylehe glycol~based products.® Some airports have
already started recommending PG-based deicers to their client
airlines.®

Overall, domestically produced PG is forecast to experience
slow growth (about 2.5% or less) in 1991 and then groh more rapidly.
The forecast of growth through 1994 is 3 percent annually.®

U.S, exports will face increasing competition in Europe from
Japanese PG exports.¥
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TABLE 20-4. U.S. EXPORTS OF PROPYLENE GLYCOL,

1980-1989
Parcent
Quantity of U.S.
(10° kg) Production®
1989 121.2 33.2%
1988 20.7 . 23.8%
1987 79.8 23.5%
1986I 49.4 - 19.0%
1985 37.2 : 16.4%
1984 21.8 10.4%
1983 N.A. : N.A.
1982 N.A. N.A.
1981 N.A. N.A.
1980 24.0 10.5%

*See Table 20-6.

Sources:

Chemical Marketing Reporter, March 5, 1990,
p- 15; Mannsville Chemical Products Corp.,

"Chemical Products Synopsis -- Propylene
Glycol.™ April 1988.
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20.1.3 Supply Conditjons
20.1.3.1 Production Processes

The hydrolysis of propylene oxide produces PG. Process
equipment and procedures are similar to those used in ethylene glycol
production via the hydrolysis of ethylene oxide.¥

20.1.3.2 Dpomestic Producers and Total Eroduection

There are three domestic producers of PG with a total capacity
of 409 million kilograms. Table 20~5 lists the U.S. producers along
with plant location and capacity data. Additionally, Texacc has a
sewing unit (this facility can produce either ethylene glycol or PG)
which has the abiliﬁy to produce up to 56 million kilograms of PG. At
some PG facilities capaciéy can be supblemented by using equipment
normally used for ethylene glycél production. Arco’s Bayport, TX
facility controls 36 percent of industry capacity while Dow controls
44 percent and Olin 8 percent. Both Arco and Dow also produce
propylene oxide.®

Total domestic production of PG from 1980 to 1989 is listed in
Table 20-6. Production rose 30 percent (79 million kilograms) from
1986 to 1987 in response to strong demand for UPRs. From 1987 to 1988
production rose 12 percent (42 million kilograms) in response to
increased PG demand. However, in 1989 production fell 4 percent (16
million kilograms) due to falling UPR demand and falling'demand for PG
as an ethylene glycol substitute.

Domestic output in 1989 represented 86 percent of PG
capacity.” '

20.1.3.3 cCeosts of Production

The primary source of costs is the propylene oxide feedstock.
PG consumed about 23 percent of propylene oxide output in 1989.%

Propylene oxide has risen from §$1.20 per kilogram in January 1990 to
$1.27 in April 1991.4.% ' '
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TABLE 20-5. U.S. PRODUCERS OF PROPYLENE GLYCOL, 1990

Capacity

Company Location (10° kg/yr)
Arco Bayport, TX 147
gouth Charleston, WV 49
Dow Freeport, TX 113
: Plaguemine, LA® 68
Olin Brandenburg, KY a2
. 409

*fagtman Chemical Company has agreed to purchase this
facility. '

‘pow is currently adding 13.6 to 18.1 million kilograms
of capacity. :

NOTE: At some facilities additional PG can be
produced by using equipment dedicated to
ethylene glycol preduction. Texaco has
a facility in Port Neches, TX which can
produce ethylene glycol or propylene glycol.
This facility can produce 56 million
kilograms of PG when solely dedicated to
that purpose. It is currently producing
ethylene glycol. Texaco also sells PG
produced by Arco.

Sources: Chemical Marketing Reporter, January 1,
1990, p. 46; Chemical Marketing Reporter, April 22,
1991, pp. 3,15; chemicalweek, June 13, 1950,
P- 33; Chemicalweek, October 24, 1990,
p- 18.
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TABLE 20-6. U.S. PRODUCTION OF PROPYLENE GLYCOL,

1980-1989

Quantity

(10° kg)
1989 | 365
1988 381
1987 339
1986 : 260
1985 227
1984 - ' 210
1983 220
1982 181
1981 215
1980 221

Sources: Chemical & Engineering News, June 18, 1990,

p. 39; U.S. International Trade Commission,

Synthetic Organjc Chemicals, 1989, 1988.
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20.1.3.4 Imports

After a high of 25.4 million kilograms in 1984, imports
decreased throughout the rest of the_decade to the peint of belng
negligible (Table 20-7). This trend has paralleled the decreasing
value of the dollar over the pame time period, which made imports less
competitive on price relative to domestically produced PG.%

20.1.3.5 Futuxe Prospects

Dow is considering greatly increasing capacity at its Freeport,
TX facility.“ .Arco_has just reached an agreement to sell its South
Charleston, WV facility (492 million kilcgrams of capacity) to Eastman
Chemical Company. Eastman will control 12 percent of PG capacity.

With respect to the feedstock, demand for domestically produced
propylene oxide is forecast to grow at 3 percent annually through 1994.¢
There were supposed to be propylene oxide capacity expansions in 1990
totalling 25 percent of 1989 year-end capacity.46 This seems to indi~
cate no foresseable propylene oxide shortages in the near future.

20.1.4 Future Market Prospects
Demand for domestically produced PG is forecast to ini-

tially face slow growth in 1990 and 1991, then grow more rapidly.
Average annual growth is forecast at 3 percent.

In response, one of the three PG producere, Dow, is expanding
capacity at both of its facilities. It remains to be seen what effect
Eastman’s entry will have on other PG producers. There is no fore-
seeable feedstock shortage on the horizon (up to 1994).

20.2 ECONOMIC IMPACT ANALYSIS

20.2.1 HON Compliance Costs

A synopsis of annualized cumulative control coste and summary
statistics for propylene glycol facilities is presented in Table 20-8.
Costs are displayed for option one controls. Option one cdntrolﬁ are
the estimated costs that facilities are likely to incur. Figure 20-1
illustrates the total industry control scenaric graphically. Five
facilities are displayed.

Propylene Glycol is currently produced via the hydrolysis of
propylene oxide. Since this is the only commercial process, no
analysis of separate process costs is necessary.
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TABLE 20-7. U.S. IMPORTS OF PROPYLENE GLYCOL, 1980~1989

Percent
Quantity ' of U.S.
{10° kg) Consumpt ion®
1989 | 0.2 0.1%
1288 2.2 1.0%
1987 .1.8 1.0%
1986 6.4 3.0%
1985 . o 19.5 9.0%
1984 " 25.4 ‘ 12.0%
1983 N.A. N.A.
1982 N N.A.
1981 N.A. N.A.
1880 1.8 1.0%
‘See Table 20-3,
N.A. - Not available.
Sources: = Mannsville Chemical Products Corp., "Chemical

Products Synopsis =-- Propylene Glycol.” BApril
1988; U.S. Department of Commerce, International
Trade Administration, Trade Data Services,

Phone Conversation, April 19, 1991,
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TABLE 20-8. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
" SUMMARY STATISTICS FCR PROPYLENE GLYCOL PRODUCTION
FACILITIES AND PROPYLENE GLYCOL PRODUCTION PROCESSES

Annual Option One
Facility/ Production Controls
Process (10° kg) (5/kqg)
1a 62 §C.0016
2A 103 $0.0020
3A 149 $0.0021
4A 41 ' $0.0024
5h 29 $0.0031
Summary Statistics
Mean o $0.0022
Production 50.0021 .
Weighted
Average
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20.2.2 Pricing
PG prices are determined by a combination of feedstock costa and

end-use demand. The cost of propylens oxide (PO}, the primary
feedgtock in PG, is tied closely to growth of the general economy, as
well as to crude oll prices. With demand growth for PO estimated to
mirror GNP growth, this feedstock probably won’t inflate dramatically.
PG end uses are mature, also making them sensitive to overall economic
activity. New markets are being explored to expleit PG‘'s favorable
safety profile as a substitute for ethylene glycol. Success will
enhance PG growth, keeping prices firm. The 1989 average realized
price was $.86 per kilogram. The most recent spot price available at
the time of this writing was $1.24 per kilogram.

20.2.3 Elasticitiee

The demand elasticity for propylene glycol is sstimated on the
basis of available substitutes for propylene glyccl, as well as
substitutes for end-uses. The potential for import substitution ie
also examined.

20.2.4.2 Demand Elagticities

20.2.4.2.1 Unsatyrated Polyester Resins (UPRs). The largest end
use for PG are UPRs, accounting for 58 percent of PA demand. UPRs are

used to make a variety of consumer and engineering plastica. A wide
variety of other glycols, including ethylene glyccols, are available
for producing UPRs, and these glycols can be combined to achieve the
desired properties. By manipulating the relative proportion of
various glycols, the need for any particular glycol can be minimized
or eliminated. The demand for PG in this sector is estimated to be
slightly inelastic.

20.2.4.2.1

semi-moist pet food, and humectants account for 31 percent of PG
demand. Other glycols can be used for most of these applications.

PG, however, is particularly well suited for use in this area, since
it domsn’'t have the adverse health effects sometimes observed when
uging other compounds, for example ethylene glycol. When an end-use
product ie ingested, PG is often the compoundhdf choice. PG demand is
deemed moderately inelastic in this sector.
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20.2.4.2.1 Functional Fluids. Functional fluids, such as
gcolvents and antifreeze, make up 6 percent of PG end-use demand.
While this is a small share of overall PG demand, this sector is
important because it is one in which PG producers hope to make inroads
during the decade. Since PG is more environmentally benign than EG,
producers are marketing PG as a more desirable substitute. PG also
appeare to exhibit superior performance in areas such as airplane
deicing. PG is also becoming more price competitive with EG. demand
for PG in this sector is regarded as moderately inelastic.

20,2.4.2;2 imports Imports of propylene glycel are
inegignificant. Therefore, pricing decisions will be made based on
domestic considerations, with little fear of import substitution.

20.2.4.2.4 Elasticity Estimate. The demand elasticity varies
somewhat from sector to sector, but doesn‘t appear to extend into the

elastic range. Given the importance of unsaturated polyester resins,
which dominate propylene glycel end uses, the demand elasticity for PG
is estimated to be in the slightly inelastic range of -.67 to ~1.

20.2.4 Market Structure

Table 20-9 summarizes the parameters for the market structure of
propylene glycol. Three firms are currently producing propylene glycel.
Thus, four-firm concentration ratio is 100 percent, signifying
substantial market power. The HHI is 4,316.1, which falls in the
substantial range of market power. Captive consumption is only 20
percent, indicating slight vertical integration. On avérage, 10
chemical compounds are produced at propylene glycol sites, suggesting a
substantial degree of horizontal integration. Imports in the industry
are insignificant. In summary, the market structure of the propylene
glycoel industry is moderately to highly oligopolistic, and firms will
likely absorb a mignificant portion of HDN'compliance costs.

20.2.5 ts on tput, Total Rev e, and

Impacts on price, output, total revenue, and employment in
the ethylene glycol industry for option one costs are presented in Table
20-10. ’
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TABLE 20-10. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE PROPYLENE GLYCOL INDUSTRY',
OPTION ONE CONTROL COSTS

- T - -
stic
-0.67 =-1.00
%a Price (%/kg) ' 0.25% 0.25%
& Price ($/kg) £.0021 $.0021
%2 Output (%/kg) (0.16%) {0.25%)
a4 Output {10° kg) {.755) {1.1)
%2 Total Revenue D.08% 0.00%
a Total Revenue (10° §) $.320 $0.00
a Employment ) (2) (3}

(# of Employess)

'Based on Production Weighted Average Cost
DEFINITIONS:

A = Cﬁange In

Market Price = $0.86/kg

1995 OQutput = 459 x 10° kg (based on 1989 production at 3%
* annual compound growth)

1995 Total Revenue = $394,437,814.64 (market price x 1995 output)
1995 Employment = 1,075
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20.2.5.1 Optjon One Control Cogtg

Option one control costs represent the actual estimated cost that
an industry will incur. The production weighted average percentage
price increase of 0.25 percent leads to a price increase $.0021 per
kilogram. For the two elasticify levels of -.67 and -1.00, the output
reduction is 755 thousand kilograms (.16%) and 1.1 million kilegrams
{.25%), respectively.

Facility 5A, which is both the highest cost and the smallest
plant in the industry, accounts for 28.9 million kilograms of industry
production. If this facility absorbs the entire output loss, it’'s
decline in outbut would range from 2.6 percent to 4.2 percent. The loss
in employment is from two to three employees. Closure would be unlikely
given these control costs. '

20.2.6 gonclugjon
Propylene glycol is a commodity chemical with mature end-uses.

The range of costs is $.0016 to $.0031 per kilogram. Price increases
associated with HON controls should be easily achievable, so impacts are
apt to be small. Thus, closure is unlikely, especially when considering
the strong oligopolistic position of propylene glycol producers, mosat
notably the high level of horizontal integration.

20.2.7 References

1. "Chemical Profile ~- Propylene Glycol." Chemical Marketing
Reporter, January 1, 1990, p. 46.

2, U.S. International Trade Commission. Synthetic Organic
Chemicals =- United States Production and Sales, 1989,
Washington, DC, December 1990, p. 15-6.

3. Mannsville Chemical Products Corp. "Chemical Products Synopsis
~= Propylene Glycol.“ BAsbury Park, NJ, April 1988.

4. "Arco’s Propylene Glycol Plant Sits In Limbe." Chemicalweek,
cctober 24, 1990, p. 18.

5. Reference 3.

6. Reference 3.

7. *p0O Markets Seen Marking Time In *90." Chemical Marketing
Reporter, January 8, 1990, pp. 3, 12.

8. Referance 3.

g, Chemical Marketing Reporter, January 8, 1990 p. 32.
10. Chemica) Marketing Reporter, December 31, 1990, p. 30.
11. Chemical Marketing Reporter, April 8, 1991, p. 38.
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CHAPTER 21
METHYL TERTIARY BUTYL ETHER

21.1 INDUSTRY PROFILE

Methyl tertiary butyl ether (MTBE) is an oxygenated compound
derived from methanol and isobutylene.' MTBE was introduced in 1979.2
Used exclusively as a gasoline additive to increase oxygen content and
boost octane, MTBE is a clear, low-viscosity flammable liguid,
characterized as an organic ether.’ In 1989, 34 percent of MTBE was
sold on the merchant market.*

21.1.1 Brief Market Introduction
21.1.1.1 Higtorjcal Overview
Table 21~1 lists average realized price of MTBE from 1980 to

1989. Prices declined slowly through 1986, but experienced a jump
from 1987 to 1988. The decrease prior to 1986 was accompanied by
steady growth in output, suggesting a downward shift of the industry
supply curve, tied to declining crude oil and gasoline prices. The
subsequent increase of 21 cente per kilogram from 1987 to 1988 is due
to strengthening petroleum prices and escalating demand. The surge in
demand stemg from United States Environmental Protection Agency (EPA)
lead phasedown rules in 1985, and several state mandates for
increasing the oxygenate content of gasoline.% '

21.1.1.2 Recent Developments _
Data on MTBE prices since 1989 is sparse. In August 1990,

contract prices peaked at 55 cents per kilogram, and then declined to
41 cents per kilogram by November, despite uncertainty in the Middle
East. Thie is just 2 cents above the 1980 average realized price.

21.1.2 Demand Condjitjons

21.1.2.1 Uses for Methv] Tertjary Buty]l Ether
Table 21-2 lists the end use for MTBE. MTBE’‘s only end use is

as a gasoline additive. Aas a small-volume intermediate, MTBE is
decomposed captively to regenerate isobutylene for making butyl
rubber.’

As a gasoline additive, MTBE serves two functions. First, as
an oxygenate, it lowers the amount of exhaust emissions -- both of

21~1



TABLE 21-1.

AVERAGE REALIZED PRICE OF METHYL TERTIARY BUTYL
ETHER, 1980-1989

Price

(¢/kg)
1989 49
1988 46
1987 25
1986 24
1985 35
1984 35
1983 36
1982 42
1981 N.A.
1980 a9

N.A. = Not available.

Sources:

U.S. International Trade Commission, Synthetic
Organic Chemicals, 1980 - 1989, Mannsville
Chemical Products Corp., "Chemical Products
Synopeis =~ Methyl t-Butyl Ether," September,
1990.
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TABLE 21=-2. USES OF METHYL TERTIARY BUTYL ETHER, 198%

Percent
of total
consumption

Gasoline additive 100%

Source: Mannsville Chemical Products Corp., "Chemical
Products Synopsis -- Methyl t-Butyl Ether,"
September, 1990.



hydrocarbons and carbon monoxide.® Prior to the 1990 Clean RAir Act,
oxygenates were net as important in gasoline formulation, but now the
required total oxygen content in fuel is set at 2.0 percent in ozone
nonattainment areas, and 2.7 percent in carbon monoxide nonattajinment
areas. Several states have alsc mandated oxygenate increases over the
past few years. Second, MTBE is useful as an octane enhancer in
unleaded gasoline.' Previously, lead alkyls were used as octane
boosters. Aromatic additives, such as benzene and toluene, also
increage octane lavels.

21.1.2;2 Consumption

Export and import qita are not available for MTBE, so apparent
consumption in the U.S. {production plus imports, minus exporte)
cannot be calculated. Nevertheless, it is clear that demand for MTBE .
has grown substantially since 1986, due primarily to federal and state
regulations.

21.1.2.3 Exports
Exports of all organic ethers in 1989 were 55.1 million

kilograms. MTBE is a egubset of this, and exports of MTBE appear to be
insignificant.

21.1.2.4 Future Prospects
Future end-use growth of MTBE hinges on the form that EPA

regulations will take over the next several years. Gasoline use
itpelf is a mature market which ebbs and flows with motor-vehicle
demand, and hence, the business cycle. Two separate EPA standards
directly affect demand conditions in the MTBE market. The first is
the lead phasedown which must be accomplished in full by December 31,
1995.'" Lead alkyls were used traditionally as octane enhancers, but
are being eliminated because of the detrimental health effects of
lead. Aromatic compounds, such as benzene and toluene, have also been
used as octane boosters, but these too are being contrelled, as they
generate hydrocarbon emissiona. MTBE has emerged as the most viable
substitute for lead and aromatics in the role of octane additive.
Second is the requirement for increased amounts of oxygen in gasoline,
with the goal of reducing carbon monoxide (CO) emisesions. This trend
started at the state level in the mid-1980s, and has been strangthened
at the federal level by the 1990 Clean Air Act. Actual oxygen content
standarde in reformulated gasoline are still being determined. The
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2.0 percent to 2.7 percent mentioned above translates into about 11
percent to 15 percent MTBE content.? 8o the ability of MTBE to both
increase octane in unleaded gasoline and boost oxygen content,
supplemented by EPA regulations, will account for the bulk of
increased demand over the next decade. Growth in domestic demand is
projected to range from 12 percent to 15 percent annually into the
nid-1990s."

Indirectly affecting MTBE demand are proposed ethanol
subsidies. Ethancl is a feedstock for Ethyl tertiary butyl ether
(ETBE), which also serves as an octane enhancer and oxygenate in
unleaded gasoline. As a potential substitute for MTBE, ETBE can
compete only if the‘higher cost of ethanol feedstock is offset by
federal assistance." A pébposed fuel tax credit of sixty cents per
gallon would greatly enhance ETBE use in place of MTBE, dampening MTBE
growth. Federal tax credits and research and development incentives
are being encouraged by the National Corn Growers Association, since
ethanol can be produced from corn.?

Finally, a variety of potential substitutes, such as tertiary
amyl methyl ether (TAME), fuel alcohols, alkylates, and several other
ethers, could impact MTBE demand conditions.'® None of these
substitutes, including ETBE, are currently beihg manufactured
commercially in the U.S." ' '

21.1.3 Supply Conditions
21.1.3.1 Produyctjion Processesg

MTBE is produced by reacting isobutylene and methanol acroes &
catalyst bed, in the liquid phase under mild temperature and
pressure.'”® While this reaction is common to all MTBE producers,
three different routes can be distinguished by the way in which
isobutylene is produced. '

Process A prciuces MTBE via the etherification of isobutylene. -
In this route isobutylene is formed by cracking C4 streams, either in
gteam crackers or cat crackers. Almost any C4 stream can be used as
an iscbutylene source, with iscbutylene concentrations ranging from 15
percent to 50 percent. This variability is actually a constraint to
developing MTBE processes based on C4 cracking, as iscbutylene
feedetocks are difficult to standardize."
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Alternatively, MTBE is produced via dehydration of tertiary
butyl alcohol, in which iacbutylene is made as a coproduct. This is the
chosen process of ARCO Chemical, the industry leader in MTBE production
with 43.9 percent share of capacity.®

Finally, MTBE is produced via isomerization of butane (procees
€}, in which isobutylene is derived from isobutane. Only 13.9 percent
of industry capacity is currently geared for this procaess.

21.1.3.2 | ¢ _Produce d Tota ductio

Table 21-2 lists domestic producers of MTBE. Nineteen firme
are in the mafket, operating 21 plants, with a total industry capacity
of 4,132 million kg. nnnually. Fxguras for 1990 production are not
available, but capacity utilization based on 1989 output is 90 _
percent, suggesting pressure on available capacity. Arco Chemical has
a capacity of 1,696 million kilograms, accounting for 43.9 percent of
the industry total. The next closest manufacturer, Texas Petrochemicals
Corp., has 15.6 percent of industry capacity.

Table 21-4 lists total domestic production from 1980 to 1989.
Cutput rose throughout the decade, from 320 million kilograms in 1980
to 3732 kilograms in 1989, on the heels of strong demand. This is not
typical of the synthetic organic chemical industry as a whole, as many
chemical producers reduced output in the mid-1980&. '

21.1.3.3 Costs of Production

Production of MTBE, like most synthetic organic chemicals, is
capital intensive, with raw materials accounting for the lion’s share
. of variable coste. Raw materials for MTBE are methanol
and isobutylene. Methanol capacity utilization is approaching 90
percent, suggesting tight supplie;.21 Iscbutylene alsc appears to be
in short supply, as the easily recoverable amounts from C4 streams are
already consumed by other chemical manufacturers.® Because of this,
iscbutylene requirements must come from isomerization of butane. This
too, is problematic, as butane is volatile and therefore difficult to
ship. Since MTBE producers in the U.S. by and large don’'t have local
accese to butane, isobutylene scarcity is exacerbated.

21.1.3.4 Imports
Imports of all organic ethers in 1989 were 39.8 million

kilograms. MTBE is a subset of this, and MTBE imports appear to be
insignificant.



TABLE 21-3. U.S. PRODUCERS OF METHYL TERTIARY BUTYL ETHER, 1990
CaPacity
Company Location (10° kg/yr}
Amoco Whiting, IN 12%
Yorktown, VA
152
ARCO Petroleum Carson, CA 109
ARCO Chemical Channelview, TX 1,179
. Corpus Christi, TX 517
1,696
Ashland 0Oil Catlettaburg, KY 120
Citgo Lake Charles, LA 116
Champlin Refining Co. Corpus Christi, TX 75
Conoco, Inc. Ponca City, OK 52
biamond Shamrock Sunray, TX 91
Exxon Chemical Baytown, TX 129
Fina 0il & Chemical Big Spring, TX 22
Hill Petroleum’ Houston, TX 59
Lyondell Petrochemical Channelview, TX 95
Marathon 01l (USX) Detroit, MI 48
Mobil Beaumont, TX 109
Phillips Sweeney, TX 129
Sun Refining & Marcus Hook, PA 108
Marketing Co.
Texaco Port Neches, TX 345
Texas Petrochemicals Houston, TX 603
Corporation
Valerc Refining Corpus Christi, TX 13
TOTAL 3,859

Source:

Mannsville Chemical Products Corp.,

"Chemical Products

Synopsis -- Methyl t-Butyl Ether," September, 19390.
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TABLE 21-4. U.S. PRODUCTION OF MTEBE, 1980 - 1989

Quantity

(10° Xg)
1989 3732
1988 2576
1987 1594
1986 1531
1985 ' 858
1984 . - _ 624
1983 _-' - 380
1982 374
1981 ' 345
1980. 320

Source: U.S5. International Trade Commission, Synthetic
Organic Chemicals, 1980 - 1989.
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21.1.3.5 Future Progpects
In response to surging demand, the MTBE market is likely to

expand rapidly. Currently, new plants and plant expansions are being
undertaken by seven U.S. firms. Globally, plants are being built in
Canada, Malaysia, Norway, Qatar, Algeria, and Saudi Arabia. U.S.
capacity is expected to grow from approximately 5,706 million
kilograms in 1991 to 12,777 million kilograms by 1995 —- an annual
compound growth rate of 22.3 percent.? Global capacity is expected to
grow from approximately 10,201 million kilograms in 1991 to 22,603
million kilograms in 1995 =-- an annual growth rate of 22.0 percent.?
U.S. supplies of MTBE are not expected to keep pace with demestic
demand, suggesting a significant rise in import demand.” _

Methanol capacity is also important, as it is projected that
MTBE will eventually surpass formaldehyde and become the number one
methanol derivative.”® Due to the low profitability of methanol sales,
methanol capacity increases have not been forthcoming.? A methanol
shortage is projected by the mid-1990s unless significant expansion
beging.® This could limit MTBE output and put upward pressure on
MTBE prices.

Iscbutylene will also influence MTBE supplies. In the short
run, isobutylene availability will be in tight supply. The process
most likely to f£fill this gap is isobutylene from butanes.”® There are
several projects that are planned or under way which will alleviate
this constraint by the mid-1990s8.% _

A new development in MTEBE production is the manufacture of
tertiary amyl methyl ether (TAME) on the mame site as MTBE.® TAME is
considered "substantially similar" by the EPA, and therefore can be
used as an oxygenate in place of MTBE." Building a TAME plant on the
game sight as an MTBE plant will allow producers to choose between
whichever is more economical at the time. This would depend in part '
on the relative feedstock costs of isobutylene and isoamylene
(isocamylene is a TAME feedstock}. Marathon Petroleum Company recently
announced an MTBE/TAME project to be built in Robinson, I11.%

21.1.4 Future Market Progpects
The. ability of MTBE to add oxygen to gasoline and bhoost octane

insure its fast growth throughout the 1990s. One source projects that
MTBE will be the fastest growing chemical in the decade.



On the demand side, growth prospects are enhanced by state and
federal regulations. On the supply side, the principle constraint to
growth is raw materials availability. Production of raw materials
should respond to MTBE consumption reguirements, and increase am
neaded.

21.2 ECONOMIC IMPACT ANALYSIS

21.2.1 Compliance Costs

A synopsis of annualized cumulative control costs and summary
atatigtice for MTBE production is presented in Table 21~5. Costs are
presented for optioﬁ one controls. Option one controls are the actual
estimates of costs that fébilities will incur. Figure 21-1 illustrates
control costs graphically. Eighteen facilities are displayed»*.

MTBE is currently produced by three prbcessas. Process A ie the
etherification of-isobutylene. Process C uses an isobutylene route jin a
slightly different way, and has been merged into process A for this
analysis. Process B employs the isomerization of butane. The
compliance cost differential between processes is very small. However,
the cost differential between facilities is as great as one cent, and so
the production-weighted average could understate the actual price
increase. '

21.2.2 Pricing

MTBE prices tend to mirror those of its historical gascline
blending competitor, toluene. These prices closely follow crude oil
prices, as toluene is a crude oll derivative. Future trends in prices
will be determined by the interplay of rapidly increasing demand and the
scramble to build new plants to satisfy this demand. Raw materials
constraints could pose an obstacle to increasing capacity, putting
upward pressure on price. 1f prices increase, impacts of HON controls
will be overstated. '

21.2.3 Elasticitjes

Demand elasticities for MTBE will be estimated on the basis of
available substitutes for MTBE, as well as substitutes for end-ugers.
The potential for import substitution is also examined.

*The number of facilities analyzed is smaller than the number presented
in section 21.1.3.2, due to the rapid expansion of the MTBE industry.
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TABLE 21~§5, CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS
AND SUMMARY STATISTICS FOR MTBE PRODUCTION FACILITIES AND
MTBE PRODUCTION PROCESSES

W

. Annual Option One
Facility/ Production ~ Controls
Process (10° kg) ($/kg)

iA 748.7 $0.0007
2B 228.4 50.0007
3n 433.2 $0.0008
4n . 748.7 $0.0008
53 101.2 50.0009
6A 89.5 $0.000%9
7A 80.1 $0.0010
8Aa - 103.6 $0.0011
9A o 87.1 $0.0013
10A : 6l.2 $0.0015
1ia . 87.1 $0.0018
12a 51.8 $0.0030
13a _ . 51.8 $0.0030
14a 61.2 $0.0033
15a _ 49.5 $0.0036
16A 68.3 $0.0037
18A 18.8 $0.0111

Contr Costs

2;90855

Process A £0.0013

{Etherification of

Iscbutylene)

Process B $0.0008

(Isomerization of

Butane)

Summary Statistics

Mean _ $0.0025

Production $0.0012

Weighted

Average

21-11



tndyno Jo By jo suoli

00z's o@onoon.w 009'z 00b'z 002 oaﬂo.m 008"t 009 00 0071 0001 908 009 oOF o0z
1 1 ] 1 i [ L L

4]

i L | 1

aboiaay pajybas-uojionpolg

S3LINOV4 NOILONAOHd 391N HOd
STOHINOD NOH JO WVHOOTUM ¥3d SLS0J AIZITVNANNY IALLYINAND ‘12 38noid

"} 5z000

-0S00°0
-~ §L00°0
- COl0°0
S2I0°0
0s10'0
SLi0°0
_uo.owo.o
- S220°0
- QG200
- GL20°0
-00E00
- GEE0°0
- 08E0°0
- SLE€0'0
-00vC'0
~ G2+ 0°0
- 0P G0
-~ 5400
- 00800
- S250°0
- 0SS0°0
- G450°0
-0090°0
- S¢90°0
- 0690°C
~S490°0
~00.L0°C

_ bx/$

1 T

}$09 [oJjuc) IuQp uopndo

21-12



21.2.3.1 gagoline Bdditive
Use as a gasoline additive accounts for 100 percent of MTBE

demand. EPA regulations for gascline reformulation have assured

MTBE a major role in this market. Previously used substitutes have been
sanctioned, to some extent, in the 1990 Clean Air Act. (See sectlon
21.1.2.4) Potential substitutes include ethyl tertiary butyl ether
(ETBE}, tertiary amyl methyl ether, fuel alcchols, alkylates, and other
ethers. ETBE will require federal subsidies to be competitive. None of
these substitutes are in commercial use in the U.S. for gasoline
additives.

21.2.3.2 Importsg - '
Imports of MTBE are insignificant, and will not hinder pricing

discretion of domestic producers.

21.2.3.4 Elasticity Estimate
The demand for MTBE is estimated to be in the highly inelastic

range of -.1 to -.34.

21.2.4 Market Structure _
Table 21-6 summarizes the parameters for the market structure of

MTBE. Nineteen firms are currently producing MTBE. The four-firm
concentration ratic is 75.3 percent, signifying substantial market
power. . The HHI is 2,609.3, which falls the range of substantial market
power. Captive consumption is 66 percent, indicating a moderate level
of vertical integration. On average, two chemical compounds are
produced at MTBE sites, suggesting a slight level of horizontal
integration. Imports in the industry are not important. In summary,
the MTBE industry ie moderately oligopolistic, and firms will likely
absorb a portion of HON compliance costs.

21.2.5 Impact rice, | ut otal Rev and Em
Impacts on price, output, total revenue, and employment in
the MTBE industry for option one control costs are presented in Table
21-7.

21.2.5.1 Option One Contxol Costs

Option one control costs represent the estimated actual HON
control cost that an industry will incur. The preduction weighted
average percentage price increase of .24 percent leads to a price
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TABLE 21-7. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE MTBE INDUSTRY’,
OPTION ONE CONTROL COSTS

— . — o ——————— -]
Elasticity
-0.1 -0.34
%2 Price (%/kg) 0.24% 0.24%

4 Price ($/kg) $.0012 $.0012
%2 Output (%/kg) (0.02%) (0.08%)
4 Output (10° kg) (1.5) {(5.1)

%4 Total Revenue 0.22% 0.1l6%

4 Total Revenue (10° §) {6.6} 14.8)

4 Employment _ (2) {7

(# of Employees) -

'Based on Production Weighted Average Cost
DEFINITIONS:

a4 = Change In

Market Pfice = £0.49/kg

1995 output = 6.1 x 10° kg (based on 1989 production at 12%
annual compound growth)

1895 Total Revenue = 53,003,349,909.62 (market price x 1955
output)

1995 Employment = 8,184
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increase §.0012 per kilogram. For the two elasticity leveles of -.1 and
—.34, the ocutput reduction is 1.5 million kilograms (.02%) and 5.1
million kilograms (.08%), respectively.

Facility 18A, which accounts for 18.8 million kilograms of
industry preduction, is both the smallest gize and highest cost plant in
the industry. If this plant absorbs the entire reduction in output, it
would lose from 8 to 27 percent of its production, which could put it on
the borderline of closure. However, the industry is expanding rapidly,
which would mitigate against its closure, unless ite production costs
are high relative to new entrants. There is no indication that lower-
coat technoloéieé are being used in new plants. The loss in employment
is estimated to be from 2 to 7 employees.

21.2.5% Conclusion

Prospects for MTBE are very strong. This large-volume chemical
is expanding rapidly. Closure of the smallest size firm is possible in
the extreme case, but cannot be predicted with any certainty. If
closure of this plant ensues, the small reduction in employment will be
more than offset by industry expansion. The range of compliance costs
is from $.0007 per kilogram to $.0056 per kilogram, with one outlier
coet of $.0111. The'cost differential is small, and the production-
weighted average price increase is probably an accurate estimate of the
actual price increase,
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CHAPTER 22
PHTHALIC ANHYDRIDE PRODUCTION

22.1 IKDUSTRY PROFILE
Phthalic anhydride (PA) is a chemical intermediate categorized

as an aromatic acid anhydride.! It is produced by either the
oxidaticn of naphthalene or the oxidation of o-xylene.? Its three
primary applications, phthalate plasticizers, unsaturated polyester
resins, and alkyd resins, are primarily consumed by the transportation
{automotive), construction, and marine productse industries.’® 1In 1989,
47 percent of demestic PA output was sold on the merchant market.*

22.1.1 Brief Market Introdyction
22.1.1.1 Higtorical Overview

PA i= scld in two forms, as white, free-flowing flakes or as
colorless molten material.’ The molten form accounted for about 90
percent of shipments in 1989.° In 1990, Mannsville Chemical Products
Coxporation repdrted that the flake form generally sells for 7 to 9
cents more per kilogram than the molten.’

From 1980 to 1986 the average realized ﬁrice of PA declined
(Table 22-1). Reduced o-xylene costs were responsible for this
decline; the decrease in o-xylene costs stemmed from a sharp decline
in petroleum prices.’ 1In 1987 the average realized price rose 4 cents
as demand for phthalate plasticizers grew.” The average realized
price continued to rise in 1988 and 1989 due to a leftward shift in
supply. Rising o-xylene costs, resulting from resurgent petroleum
prices, were responsible for the supply shift.?®

22,1.1.2 Recent Developments _
_The trade list price of PA in flake form ranged from 80 cents

per kilogram to 88 cents in January 1990." It subsequently rose to
$1.10 in December 1990 and was unchanged as of April 1991.'2

Molten PA rose from a range of 73 cents to 82 cents per kilogram in
January 1990 to $1.01 in December.'*¥ This price was the same in

April 1991.' There was a leftward shift of supply due to higher
o-xylene prices and the closing of a 79 million kilogram BASF PA
facility in South Kearny, NJ in October 1990." Higher o-xylene

prices were caused by rising petroleum prices during the Gulf conflict.
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TABLE 22-1. AVERAGE REALIZED PRICE OF PHTHALIC ANHYDRIDE,

1980-1989

Price

(¢/kg)
1989 67
1988 64
1987 55
1986 51
1985 .. 57
1984 S ‘ " N.A.
1983 : N.A.
1%82 : N.A.
1981 N.A.
1580 75

N.A. - Not available,

Source: Mannsville Chemical Products Corp., "Chemical
Products Synopsis -- Phthalic Anhydride, "
October 1990; U.5. International Trade Commission,

Sypthetjc Organic Chemicals, 1988, 1989.
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22.1.2 Demand Conditjioneg

22.1.2.1 Uses for Phthalic Anhydride

The automotive, construction, and marine products industries
together currently consume 93 percent of PA output in the form of
phthalate plasticizers, unsaturated polyester resins (UPRs), and alkyd
resine. Table 22-2 lists the various applications of PA.

Phthalate plasticizers account for 53 percent of output. They
are used to make flexible polyvinyl chloride (PVC). Some examples
of these plasticizers are the widely-used dioctyl phthalates (DOPs)
and the more specialized diundecyl dodecyl phthalntes and undecyl
dodecyl phthnlates.?'

Twenty~four percent of PA output ie consumed in the manufacture
of UPRs. Fiberglass-reinforced plastice based on UPRs are used in '
products such as shower stalls, translucent construction panels,
boate, and recreational vehicles. '

Alkyd resine are used as additives in protective coatings.
These resins account for 16 percent of output.

22.1.2.2 Consumption

Apparent consumption of PA in the U.S5. is listed in Table 22-3.
Though data were unavailable for the years 1982 to 1984, it is known
that demand for PA declined sharply during the 1982 recession.”

Between 1985 and 1987 consumption grew, reaching a ten-year
high of 448 million kilograms in 1987. The 17 percent increase from
1986 to 1987 was driven by increased demand for phthalate
plasticizers.

Consumption of PA subsequently declined for the rest of the
dacade. There was a 4 percent (18 million kilogram) decrease in 1988
£ollowed by a § percent (23 million kilogram) decresase in 1989.
Although no date was given, Manneville Chemical Products Corporation
reported that many PA-based alkyd resins lost market share to
waterborne materials based on different raw materials such as
acrylics, vinyls, epoxies; and urethanes.® This trend may have been
behind the decrease in consumption in 1988. The decrease in
consumption in 198% resulted from decreased demand for PA by the
slumping automotive and construction industries.?

22.1.2.3 Exports
U.5. exports of PA reached a decade-high of 38.1 million
kilograms (8.4% of production) in 1988 (Table 22-4). Exports
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TABLE 22-2. USES OF PHTHALIC ANHYDRIDE, 1990

Percent of
Total Consumption

Phthalate plnstieizefs 53%

Unsaturated polyester resins (UPRe) 24%
Alkyd resins _ 16%

Miscellaneous* . 7%

*Includes polyols, pigments, dyese, perfumes, pharmaceuticals,
tanning and curing agents, solvents, insect repellants, fire
retardants, and a variety of chemical intermediates.

Sources: Mannsville Chemical Products Corp., "Chemical

Products Synopsis -- Phthalic Anhydride,” October
1990.
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TABLE 22-3

. APPARENT CONSUMPTION OF FPHTHALIC ANHYDRIDE IN

Apparent
Consumption"
{10° kg)
1989 407
1988 430
1987 248
1986 as4
15985 372
1984 - N.A.
1983 N.A.
1982 N.A.
1981 N.A.
1980 364
. *Production plus importé, minue exports. Because inventory

changes are ignored, this is a simplified estimate of

consumption.
N.A. —- Not avajilable.
Sources: ica nee , June 18, 1989, p. 39;
- Chemical Marketing Reporter, March 15, 1990, p. 15;

Chemical Marketing Reporter, March 26, 1990, p. 12;
Mannaville Chemical Products Corp., "Chemical
Products Synopsis -- Phthalic Anhydride," October
1990; U.S5. International Trade Commission,

Synthetic Oxganic Chemicalg, 1989.
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TABLE 22-4. U.S. EXPORYTS OF PHTHALIC ANHYDRIDE,

1980-198¢%
Percent
Quantity of U.8,
 {10° kg) Production*
1989 20.3 4.9%
1988 38.1 8.4%
1987 28.1 6.0%
1986 13.6 3.5%
1985 - 5.9 | 1.6%
1984 N N.A.
1983 N.A, N.A.
1982 N.A. N.A.
1981 N.A. _ N.A.
1380 7.3 2.0%
*See Table 22-6.
N.A. = Not available.
Sources: C al tin r, March 15, 1990,

P- 15; Manneville Chemical Products Corp.,
“Chemical Products Synopsis -— Phthalic
Anhydride, " Octcber 1990.
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benefitted from strong demand for PA in the Far EBast.® 1In 1989 there
was a subsequent 47 percent decrease in exports, as new capacity
overseas helped decrease demand for domestically-produced PA.#

22.1.2.4 Juture Prospects
With the exc-ptinn of UPRs, PA lpplications are relatively

mature.®* For this reason, and because 93 psrcent of PA applications
are directly tied to the automotive and construction sectors, demand
growth for PA will be close to GNP lavel.

Demand growth for phthalate plasticizers will be static.®
Increasing plasticizlr efficiency (meaning that less PA is needed) and
slow PVC growth are‘ﬁwo reasons why.’_ Also, dioctyl phthalates, the
leading primary plastieizérs, will probably face declining demand of 4
percent annually as enforcement of environmental régulations
concerning the use, handling, and disposal of these plasticizers
toughens.?” Another problem is that all of the major plasticirer
producefs are also selling non-phthalate plasticizers.?® Overall
growth for phthalate plasticizers is expected to be about one percent
less than GNP.” '

The static demand growth for plasticizers may be mitigated
somewhat by growth in demand for UPRe. They may experience 3 to §
percent growth in demand.® If the transportation and comstruction
sectors recover, there will be increased demand for reinforced
plastica which use UPRs.

Though alkyd resins have lost market share, they will continue
to be a major resin.¥

Overall demand for PA was expected to decline in mid-1990 and
1991.% Amsuming a recovery sometime in 1991, annual growth is forecast
at two to three percent.?®

Exports are expected to decline, as new PA capacity comes on
line overseas.

22.1.3 Supply Conditions

22.1.3.1 pProduction Procegges

There are two ways to produce PA, either by the oxidation of
o-xylene or by the oxidation of naphthalene. About 0.93 kilograms of
o-xylene are needed per kilogram of PA produced in the o-xylene
procegs; in the naphthalene procees 1.05 kilograms of naphthalene are
needed per kilogram of PA produced.® In terms 6: capital costs the
proceases are comparable.* In the last couple of decades o-xylene
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has become the dominant feedstock, -upplanting petreoleum naphthalene
in particulax.

22.1.3.2 pomestic Producers and Total Prodyction

Table 22-5 lists the domestic PA producers. There are five
firms with one facility each. Total industry capacity is 432 million
kilograms, of which Exxon controls the largest parcentage (26%).
Koppers Industries is the only firm that uses the nnphthalcna
feedstock. Thirty-three percent of its capacity is naphthalene-based
while the remaining 67 percent is standby capacity based on o~-xylene.
Whereas Xoppers Industri-s is backward-integrated (it is the leading
producer of coal-tar naphthalenn), most of the other producers are
not back-integrated into o-xylane production.

Domestic production of PA decreased after a ten-ysar high in
1987 (Table 22-6). PA cutput reached this high of 469 million
kilograms on the strength of demand for phthalate plasticizers.
Output fell 3 percent (16 million kilograms) in 1988. 1In 1989, output
fell another 8 percent (37 million kilograms) as slumps in the
automotive and construction sectors resulted in lower demand for PA.

Output in 1989 represented 82 percent of total PA capacity.®

22.1.3.3 cCostp of Production

As previously mentioned, in terms of capital costs the two
productioh preocesses are comparable. Thus, raw material costs to a
large extent determine the costs of production.

In the last couple of decades o-xylene became the pfimary PA
feedstock. Thrdughout most of the 19808, falling petroleum prices
helped keep o-xylene costs down. However, petroleum prices began to
rise in 1988, increasing o-xylene costs. Koppers Industries gained a
significant competitive advantage because it primarily uses the
naphthalene process.® Producers reliant on o-Xylene were wary of
hastily instituting price hikes to recover marginms, according to
c 1 ing R 4

PA-grade naphthalene has sold in the range of 40 to 44 cents
per kilogram from January 1990 to April 1991.%® On the other hand,
o-xylene price rose 22 cents in 1990 to 55 cents per kilogram,**
The price fell back to 43 cents by April 1991.% The net increase in
o-xylene costs has again put o-xylene-based PA producers at a
disadvantage with respect to Koppers Industries.
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TABLE 22-5. U.S. PRODUCERS OF PHTHALIC ANHYDRIDE, 1950

caPncity
Company Location (10° kg/yr)
Arisatech" | Pasadena, TX 95
Exxon Chemical Baton Rouge, LA 113
Koppers Industriei Cicero, IL 68*
Stepan Chemical Milladale, IL i 77
Sterling chemical . Texas City, TX | :%%

"Mitsubishi owns a controlling interest in Aristech.

*This figure includes 45.4 millien kilograms of standby capacity based
on o-xylene. The rest of capacity ie naphthalene-based.

Source: Manneville Chemical Productms Corp., "Chemical Products
Synopeis =-- Phthalic Anhydride,™ Octcbher 1990.
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TABLE 22-6. U.S. PRODUCTION OF PHTHALIC ANHYDRIDE,

1980-1989

Quantity

(10° kg)
1989 416
1988 453
1987 469
1986 391
1985 - ‘ 372
1984 - 395
1983 380
1982 310
1981 395
1980 371

Sources: Chegical & Engineering News, June i&, 1989,
P. 39; U.8. International Trade Commission,
Synthetic Organic Chemicals, 1989.
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Besidee the feedstock costs, environmental controls have
contributed to increased production costs, according to Chemical
Marketing Reporter.¥ It is not known, however, when this trend
began. '

22.1.3.4 Imports
Table 22-7 lists U.S. imports of PA from 1980 to 1989. The

ten-year high occurred in 1988 when 15 million kilograms were:
imported. While imports have never accounted for wmore than 3.5
percent of domestic consumption, they have been responsible, in part,
for discount1n§ from list price in the domestic market.® PForeign PA
producers are subui&ized by their govermments, allowing them to.
manufacture PA at lower cost than domestic producers.” Dommestic
producers have had to discount to match the lower prices of'imports
because PA is a chemical that competes on price.®

22.1.3.5 Future Progpects

Because the economic downturn that began in 1989 haa depressed
PA demand, supplies should be sufficient for the next few years.®
Declining exports will.also contribute to supply because more PA will
be available domestically. .

In October 1990 BASF closed a 79 million kilogram PR facility
in Kearny, RJ. This closure is expected to help increase capacity
utilization rates.® _

. The majority of domestic PA producers are evaluating the
feasibility of the dual-feed system, incorporating flexibility between
o-xylene and naphthalene.® This system would give PA producers the
advantage of avoiding increasing feedstock costs during o-xylens or
naphthalene price run-ups. However, it is not known whether there is
enocugh naphthalene available to aupply increased demand by PA
producers.® FPifty-eight percent of naphthalene output is currently
consumed by PA; 48 percent is ncéountod for by Koppers Industries,
which uses its naphthalene mainly for PA production.®

22.1.4 Future Market Prospects

Demand for PA will mirror GNP growth due to the fact that
production is primarily consumed by the automotive and construction
industries. The forecast growth rate is 2 to 3 percent annually after a
downturn in 19%0 and 1991.
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TABLE 22-7. U.S. IMPORTS OF PHTHALIC ANHYDRIDE,

1980-1989
Percent

Quantity of U.S5.

(10° Kg) Consumption®
1989 11.4 2.8%
1988 15.0 3.5%
1987 6.8 1.5%
1986 . - 6.8 1.8%
1985 | 5.4 1.5%
1984 N.A. N.A.
1983 . N.A. N.A.
1982 N.A. N.A.
1981 N.A. N.A.
1980 0.5 . 0.1%

'‘See Table 22-3.

N.A. -~ Not available.

Sourcee: Chemica) Marketing Reporter, March 26, 1990, p.
12; Mannsville Chemical Products Corp.,

"Chemical Products Synopeis -- Phthalic Anhydride,"
October 1990.
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Supplies should be more than adequate to meet demand. A plant
closure by BASF will help relieve industry overcapacity and push up
capacity utilization rates.

Due to rising o-xylene costs, many producers are coneidering a
dual-feed system. This would give them the flexibility of using
either o-xylene or naphthalene as a feedstock.

22.2 ECONOMIC IMPACT ANALYEIS

22.2.1 HON compllance COgtp
A synopais of annualized compliance costs and summary statistics

for phthalic anhydride is presented in Table 22-8. Process A costs are
considerably higher than froc--lln costs: $.0312 per kilogram versus
§.0033 per kilogram. Figure 22-1 illustrates control costs graphically.
Six facilities are displayed.

Two processes are currently in use for PA production. Process
A produces PA via oxidation of o-xylene. In process B, PA is produced
via oxidation of naphthalene. Costs are displayed for option one
contrels. Option cne controls are the estimated actual costs that
facilities are likely to incur. These differences are masked by the
production-weighted average. '

22.2.2 Pricing

PA prices are dstermined by a combination of feedstock costs
-and end-use demand. Approximately 90 percent of PA capacity is geared
for using o-xylene ae its feedstock. O-xylene prices, in turn, are
tied closely to petrecleum prices. Hence, PA prices inflated
congiderably during the gulf war, in tandem with crude prices.
Stabilizing crude prices and overseas competition are likely to
depress prices, which are currently at an all~time high of $1.01 per
kilogram. It should be noted that this is the list price, which can be
20 percent to 30 percent higher than contract prices. Growth in demand
for PA will tend to mirror GNP growth, and is not apt to put
considerable upward pressures on price.

22,2.3 Blastjcjties .

Demand elasticities for phthalic anhydride will be estimated on
the basis of available substitutes for phthalic anhydride, as well as
pubstitutes for end-uses. The potential for import eubstitution is
also examined.
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TABLE 22-8. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
EUMMARY STATISTICS FOR PHTHALIC ANHYDRIDE PRODUCTION
FACILITIES AND PHTHALIC ANHYDRIDE PRODUCTION

PROCESSEB
Annual Option One
Facility/ Production Controls
Process (10° kq) ($/kg)
1B 74.1 $0.0029
2a 79.6 $0.0033
3a 61.6 $0.0054
4n 78.0 $0.0500
5A 60.1 §0.0500
6a ) 58.5 $0.0501
ol C ro '
Process A ' 332.3 $0.0312
{oxidation of
o-xylena)
Process B . 79.6 $0.0033
{oxidation of
napthalene)
Summary Statjistics
Mean . $0.0269%
Production $0.0258
Weighted :
. Average
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22.2.3.1 Demand Elasticities
22.2.3.1.1 Phthalate Plasticizers

Fifty-three percent of PA production is used to make phthalate
Plasticizers. These compounds are combined with PVC to enhance
flexibility. There are many plasticizers that can be used for this
purpcea, depending on the specific properties deeired in the end
product. Phthalate plasticizers tend to have an adge over other
Plasticizers in that their chemical makeup can be varied to achieve
PVC compounds with a variety of different performance characteristics.
Demand for PA in this sector is regarded as moderately inelastic.

22.2.3.1.2 Unsaturated Polvester Resing (UPRs)

The second largest end use for PA are UPRs, accounting for 24
percent of PA demand. UPRs are used to make a variety of consumer and
engineering plastice. Close substitutes are many, including
isophthalic acid, maleic anhydride, fumaric acid, and acrylic resins.
Demand for PA in this sector is judged as slightly inelaatic.

22.2.3.1.3 Alkyd Resins
Alkyd resins account for 16 percent of PA demand. BAe with UPRe,

maleic anhydride and fumaric acid are available as substitutes.
Demand for PA in this sector is deemed to be slightly inelastic.

22.2.3.2 Importe

Imports in the phthalic anhydride market reached a ten-year high
in 1988, when they accounted for 3.5 percent of domestic consumption.
While this is a small percentage, it is thought that U.S. preducers
offer discounts partly in response to competition from imports (see
section 22.1.3.4). Thus, the ability to recover HON control costs
through price increases could be hindered by competition from imported
phthalic anhydride. '

22.2.3.3 Elagticity Egtimate ‘
The demand elasticity of phthalic anhydride varies from sector

.to sector, ranging between moderately inelastic and slightly
inelastic. Given the importance of phthalate plasticizers in
end-uses, the demand for phthalic anhydride is estimated to be in the
moderately inelastic range of ~.34 to -.67.
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22.2.4 Market Structure

Table 22-9 summarizes the parameters for the market structure of
phthalic anhydride. Six firms are currently producing phthalic anhydride.
The four-firm concentration ratio is 84.3 percent, signifying substantial
market power. The HHI is 2,067.7, which falls in the range of substantial
market power. Captive consumption is 53 percent, indicating a moderate level
of vertical integration. On average, two chemical compounds are produced at
phthalic anhydride sites, suggesting a slight level of horizontal integration.
Imports in the industry are moderately important, hindering pricing discretion
of damastic producers. In summary, the market structure of phthalic anhydride
is moderately to highly oligopolistic, and firms will likely absord a
significant portion of HON compliance costs.

22.2.5 Impacts on Price, Outp otal Revenue,. and Emplovmen

Impacts on price, output, total revenues, and employment in the
phthalic anhydride industry for option one control costs are presented in
Table 22-10. |

22.2.5.1 Option Qpe Control Cost .
Option one control cost represents the actual estimated cost that an

industry will incur. The production weighted average percentage price
increase of 3.86 percent leads to a price increase $.0258 per kilogram. For
the two glasticity levels of ~.34 and ~.67, the output reduction if 6.1
million kilograms (1.28%} and 12.0 million kilograms (2.50%), respectively.
The maximum decline in output of 12.0 millien kilograms makes up 21
percent of the cutput of the Facility 6A, which is both the smallest facility
and the highest cost facility. This is significant, and could lead to closure
in the most extreme case where thia'facility absorbs the sntire decline in
output. Process B compliance costs are almost three cents per kilogram lower
than process A compliance coste. Facility 1B is the only facility using
process B. This facility, which has the capability to produce using either
process, is backward-integrated into its naphthalene feedstock. If feedstock
coste are significantly lower, which they currently appear to be, the process
B user maintains a cost-advantage, and does not appear to be the marginal
plant. HON control cost differentials serve to reinforce this advantage. In
addition, process A costs range from $.0033 per kilogram to $.0501 per
kilogram. This cost differential could indicate already existing differences
in engineering parameters. The high cost process A users appear to be at a
competitive disadvantage. Employment loss ranges from 11 to 22 .mployien.

22~17



X8pul URIKDSITH-TYPPUTIISH,

aTqeIIRAY JON = °*W¥°'N

unuuuomau
Ateawzapoy z €S L*L90'¢ 3€'v8 9
s3xcdwy {(uoTyexbajug {uotywabajur +IHH o1y Tk g o |
1eJUOETION) 1eoT3a84) UOTIBIJUSIUOD Jo aesquny
®3TS 3IE paonpoid uoT3dunsucy uITI=-%
STeOTWaYD J8Ylo aatyde)
E = R — -

dAINaXHNY OI'IVHIHd
HOd SOILSIHALOVHVYHD FHALONYLS IERVH

‘6-¢Z ATAYL

29_10D



TABLE 22-10.

IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND

EMPLOYMENT IN THE PHTHALIC ANHYDRIDE INDUSTRY',

OPTION ONE

]

0. 67

-0.34
%4 Price (%/kg) 3.86% 3.86%
& Price ($/kg) $.0258 $.0258
%4 Output (%/kg) (1.28%) (2.50%)
& Output (10° kg) (6.1) {12.0)
%4 Total Revenue 2.53% 1.26%
4 Total Revenue (10°f §) $8.1 $4.0
4 Employment {11y (22)

(# of Emgloyaed)'.

‘Based on Production Weighted Average Cost

DEFINITIONS:
a4 = Change In

Market Price = $0.67/kg

1995 Output = 477.6 x 10° kXg {based on 1989 production at 2.5%

1995 Total Revenue = $319,997,4$2.03 {market price x 1995 output)

1995 Employment = B72

annual compound growth)
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22.2.6 gconclupion

The range of costs in the option one control scenarioc is
$.0029 to $.0501. The differential is significant, indicating that
the production-weighted average cost might mask actual price changes
in the industry, which could be higher than pradicted in this
analysis. Since process A users are not backward-integrated into their
feadstock, they could be at a disadvantage. The three high-cost process
A users will probably share the ocutput reduction, with the poasiblility
of closure for one firm. Since firms are already considering adopting
dual~process plants, HON controls could accelerate this consideration.
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CHAPTER 23
BENZOIC ACID PRODUCTION
23.1 INDUSTRY PROFILE

Benzoic acid, also referred to as benzenecarboxylic acid or
phenylfcrmic dcid, is produced by the oxidation of toluene.' It has a
variaty of applicntibns such a®s the manufacture of phenol, benzoate
plasticizers, and sodium ;nd potnssiuﬁ benzoates.? The domestic
producers used the majority of benzoic acid output captively in 1990.3

23.1.1 Brief Market Introductjon
23.1.1.1 Historical Overview

two grades of benzoic acid are available commercially,
technical and USP (pharmaceutical).‘ Trade list prices are often
discounted.?®

Data for the average realized price of benzoic acid from 1%80
to 198% are unavailable. Table 23-1 instead containe information
concerning the trade list price over the same time period.

After increasing from 1980 to 1981, the trade list prices of
the technical-grade and USP-grade remained almost constant throughout
the decade. Prices remained constant despite steady growth of
domestic demand. The most likely explanation is that declining
petroleum costs helped lower toluene costs. Lower feedstock costs
resulted in a rightward shift of the supply curve that offset the
rightward shift of the demand curve.

In 1989 prices for both grades edged elightly upward due to
increased toluene costs.®

23.1.1.2 Recent DeveloDments
The trade list price for each benzoic acid grade was in the
same range throughout 1990 as in 1989.7" As of April 1991, prices

were still unchanged.’
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TABLE 23-1. TRADE LIST PRICE OF BENZOIC ACID,

1980-1989
Pric
USP (pharmaceutical)

. Technical-grade = grade
1989 l.21-1.28° | _ 3.81-3.86
1988 1.21 3.81
1987 1.21 3.81
1986 121 3.81
1985 ©1.21 : 3.81
1984 s 1.15 3.81
1983 - 1.15 ' 3.81
1982 1.21 3.81
1981 1.21 3.286
1980 ' 1.04 2.20

‘Price as of December 29, 1989,
NOTE: There is widespread discounting.

Sources: Chemical Marketing Reporter, January 1, 1990, p. 33;
Mannsville Chemical Products Corp., "Chemical
Products Synopsis -=- Benzoic Acid," March 1990;
SRI International, o 0ok,
"Banzoic Acid -- United States," June 1989.
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23.1.2 pemand Copditiong
23.1.2.1 Uses for Benzoic Acid
Benzoic acid is used in a variety of applications. Table 23-2

lists these applications.

More than half of 1989 production was converted to phenol. To
manufacture phencl, benzoic acid is oxidized.*® Phenol demand is tied
to the construction and automotive industries.! Both consume many of
phenol’s derivatives such as phenolic resinsg, used in plywood and
insulation, and bisphenol-A, used in epoxy and polycarbonate reeins.
Other phenol derivatives include caprolactam, aniline, and xylencls.

Twanty'percant of benzoic¢ acid production was coneumed in the
manufacture of hanzﬁﬁte plasticizers. These plasticizers include
diethylene glycol dibenzo;te and diprépylena glycol dibenzoate.
Specialty polyvinyl chloride compounds, polyvinyl acetate
formulations, and elastomers all use benzocate plasticizers.

Sodium benzcate and potassium benzoate are also referred to as
the salts of benzoic acid.” Together, they accounted for 12 percent
of benzoic acid consumption. Both are used in the U.S. mainly as food
and beverage preservatives.!’ Sodium benzoate is also used in Japan
and Europe as a corrosion inhibitor in antifreeze.™

Use in the manufacture of benzoyl chloride accounted for 6
percent of consumption. Benzoyl chloride is used to make catalyst
initiators such as tert-butyl perbenzoate and benzoyl peroxide. Used
to cure polyesters, benzoyl peroxide is the most widely used organic
peroxide.’

Benzoic acid is used as a chain terminator in some alkyd
resina. It is also used to make butyl benzoate which is used to
accelerate and increase the extent of dyeing. Miscellaneous uses
include cil and gas well completion fluids and isodecyl benzoate, a
paint additive. -

23.1.2.2 Cconsymption )

Domestic apparent consumption of benzoic acid from 1980 to
1989 is listed in Table 23-3.

Over the decade consumption has grown, on average, 2.8 percent
annually. Though data are unavailable from 1981 to 1984, it is known
that both domestically-produced phenol consumption and
domestically-produced benzoate plasticizer consumption grew 20 percent
between 1982 and 1984.'" '
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TABLE 23-2. USES OF BENZOIC ACID, 1989

Percent

of Total

Consumption
Phenol 52%
Benzoate plasticizers 20%
Sodium and potassium benzoate 12%
Benzoyl chloride 6%
Alkyd rasing 3%
Butyl bcnzoat;' 2%
Miscellaneous* _5%.

‘Includes oil and gas well completion fluids

and isodecyl benzoate.

Source: Mannsville Chemical Products Corp.,
"Chemical Products Synopsis -
Benzoic Acid, ™ March 1990.
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TABLE 23-3. APPARENT CONSUMPTION OF BERZIOIC ACID
IN THE U.S., 1980-1589

Apparent
Consumption"
(10° kg)
1989 87
1988 _ . 84
1987 84
1986 - 76
1985 S : 74
1984 _ N.A.
1983 K.A.
1982 N.A.
1981 . . N.A.
1980 68

*Production plus imports, minus exports. Eecause
inventory changes are ignored, this is a simplified
estimate of consumption. It should alsc be noted
that the producticn figures and export figures from
which apparent consumption is derived are themselves
estimates.

N.A. - Kot available.

Sources: Chemical Marketing Reporter, March 19, 1990,
p- 15; Chemical Marketing Reporter, March 286,
1990, p. 12; Mannsville Chemical Products
Corp., "Chemical Products Synopsis -—- Benzoic
Acid,” March 1990; SRI International, Chemical
Economice Handbook, "Benzoic Acid -- United
States,” June 1989.
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in more recent years increased demand for benzoate plasticizers
has driven benzoic acid consumption.” Sodium benzoate and potassium
benzoate have also grown 3 to 4 percent annually." Demand for
benzoylchloride has been steady.” Only the smaller-volume end uses
have shown little or no growth in demand.® The use of benzoic acid
in alkyd resins has declined as the resins have lost market share to
water-based coatings.?

The largest annual increase in consumption occurred in 1987.
Consumption increased 11 percent (8 million kilograms) due to strong
demand for benzoate plasticizers, the benzoic acid salts, and for
phenol.2

23.1.2.3 Exporte
Data concerning U.S. exports of benzoic uqid from 1980 to 1989

are contained in Table 23-4. The ten-year high in terms of quantity
and in terms of percentage of production occurred in 1989 when 9.3
million kilograms (10% of production) were exported. This figure may
be slightly inflated, however, hecause it includes both exports of
benzoic acid and exports of its salts, scdium benzoate and potassium
benzcate. Major destinations for exports include Europe and Japan
where sodium benzoate is used as a corrosion inhibitor in antifreeze.
Kalama Chemical was the largest exporter of benzoic acid in 1988.2

23.1.2.4 Future Prospecte
The demand growth for benzoic acid will be influenced to a

large extent by future demand for phenol because it accounta for over
‘half of consumption. In the short-run, demand growth for phenol is
expected to flatten or decline slightly as the automotive and
construction sectors slump.¥ Demand growth will pick up in the long-
run ag the economy in general recovers from the downturn in 1990.2
Phenol is expected to grow 2 to 3 percent annually after 1990.%

Demand for non-phenol applications is forecast to grow 4
percent annually in the short-run.” Benzoate plasticizers will
experience growing demand at a rate higher than GNP.? The benzoic
acid salts will have more moderate demand growth of approximately 3
percent annually.” This is despite growing competition from
imports.® sSmaller-volume applications will expserience flat growth in
demand.
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TABLE 23-4. U.S5. EXPORTS OF BENZOIC ACID,

1980-1989
Parcent

Quantity of U.5.

(10° kg) Productiont
1989 9.3b 10.0%
1988 5.9 6.7%
1987 5.0 5.7%
1986 3.2 a.1n
198s 1.8 - 2.4%
1984 0.8 N.A.
1983 0.9 - N.A.
1982 0.7 , N.A.
1981 1.0 N.A._

1980 0.9 1.3%

iSee Table 23-6.

Censue Bureau’s figure including benzoic acid and its
salts. .

N.A. - Not available.

NOTE: Export figures from 1980 to 1988 are estimates,

Sources: Chemical Marketing Reporter, March 19, 1990,
p. 15; SRI International, Chemical Economjics

Handbook, "Benzoic Acid -- United States,"
June 1989.
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Overall, demand for domestically-produced benzoic acid will
grow 2 percent annually through 1994.%

23.1.3 Supply Conditions
23.1.3.1 pProduction Procegges

The liquid phase oxidation of toluene, employing various cobalt
catalysts, is the prbceuﬂ used to manufacture benzolc acid.
Benzaldehyde is produced as a coproduct.® Information concerning
each producer‘s process is proprietary.* However, it is safe to
agssume that to treat their vent gases most producers are using
adsorption or activated carbon rather than scrubbers.¥

23.1.3.2 Domestic Producers and Total Production

There are three domestic producers of benzoic acid, each having
one facility (Table 23-5). Total industry capacity in 1990 was 111
million kilograms.

' Kalama Chemical controls 69 percent of total capacity. It is
the only producer to use crude benzoic acid as a raw material for
phenol production. In 1990, Kalama had 1.7 percent (32 million
kilograms) of total phenol capacity.¥ Kalama also sells benzoic acid
to the merchant market.” .

Pfizer and Velsicol produce only refined bengzoic acid.®
Pfizer controls 5 percent of benzoic acid capacity and dedicates its
capacity to the production of sodium benzoate and potassium benzoate.
Velsicol concentrates on the producticn of benzoic acid esters
(benzoate plasticizers and butyl benzoate} and benzoyl chloride. The
company controls 26 percent of benzoic acid capacity.

Table 23-6 contains production data from 1980 to 1989. Total
benzoic acid production rose throughout the decade and peaked in 1989
at 92 million kilograms. Production in terms of material used for
phenol and material used for non-phenol derivatives also rose
throughout the decade and peaked in 1989. The largest increasg in
total production cccurred in 1987. The 10 million kilogram increase
resulted from strong demand for benzoate plasticizers, benzoic acid
salts, and crude benzoic acid used in phenol production.

23.1.3.3 Costs of Productjion

The costs of production for benzoic acid are determined by
toluene costs and, in turn, petroleum costs. Declining petroleum
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TABLE 23-%., U.S. PRODUCERS OF BENZOIC ACID, 1990

Capacity
Company Location (10° kg/yr)
Kalama* Kalama, WA ' e
Pfizer Terre Haute, IN 54
Velsicol Chattancoga, TN 29°
111

*Ralama is a subsidiary of the BC Sugar Group, & Canadian
sugar refinery. It has a sister company, Chatterton
Patrochemical of Vancouver, BC.

bRalama is in the midst of a 23 million kilogram joint
increase in capacity with Chattsrton Petrochemical.

‘Over half of Kalama‘'s output is converted to phencl.

‘pfizer’s capacity is dedicated to sodium benzoate and
potaseium benzoate production.

*velaicol emphasizes producticn of benzoate plasticlzers,
butyl benzcate, and benzoyl chloride.

Source: Chemjcal Marketing Reporter, October 8, 1950,
p. 50; Mannavilie Chemical Producte Corp.,
*Chemical Products Synopsip -~- Benzoic Acid,”
March 19%90. )
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TABLE 23-6. U.S. PRODUCTION OF BENZOIC ACID, 1980-198%9

Quaptitv (10° Kq)
Total® For Phenol® For Other Usges

1989 92 48 44 (est.)
1988 as ' 45 43 (est.)
1987 88 45 43
1986 78 45 33
1985 78 43 32
1984 N.A. . N.A. 30
1983 N.A. N.A. 29
1982 N.A. N.A. ‘28
1981 N.A. N.A. 36

1980 69 36 33

“*Total production figures for benzoic acid and production figures
for benzoic acid converted to phenol are estimates.

N.A. - Not available.

e8t. - Egtimate.

Sources: Mannsville Chemical Products Corp., "Chamical Products
. Synopseis -- Benzoic Acid,™ March 1990; SRI International,
cal db ¢ "Benzole Acid -- United

Sates,” June 1989.
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' costs kept toluene costs down throughout most of the 1980s. In 1988,
toluene costs began to rise in response to rising petroleum prices.”

In 1990, toluene coBts were in the range of $0.96 to $1.03 per
gallon as of January; they ended the year in the range of §0.87 to
$0.92 per gallon.®¥ Ag of April 1991, toluene was selling from
$0.88 to $0.89 per gallon.®

23.1.3.4 Imports
Imports reached a ten-year high in 1989 of 3.9 willion

kilograms, or 4.5 percent of domestic consumption (Table 23-7). Of
this total, importas from Canada accounted for over 50 percent.®
Chatterton Petrocheﬁical-gv;ncouver, QCJ exports large amounts of
sodium benzoate to the U.5. where most North Amarican beverage
production occurs.* The firm DSM of The Netherlands is alsc a major
exporter of benzoic acid to the U.S. market.®

23.1.3.5 Future Prospects

The supply of benzoic acid will be more than sufficient to meet
expected domestic demand, according to Mannsville Chemjcal Products
Corporation.*

Total industry capacity will increase as Kalama and its sister
facility, Chatterton Petrochemical, undertake a joint 23 millien
kilogram capacity expansion, Kalama is making this move in an effort
to decrease its reliance on phenol, and in order to increase
production of non-phenol applications.” Competition in non-phenol
markets may increase as a result.

The costs of production for benzoic acid will continue to be
reliant on toluene costs and, in turn, petroleum costs.

23.1.4 Fytugre Market Progpects

Domestically-produced benzoic acid will face growing demand of
only 2 percent annually through 1%94. The best prospects are for
non-phenol applications, forecast to have demand growth of 4 percent
annually in the short run. The short-run demand for phenol is
. expected to flatten or decline due to the slumping housing and auto
sectors.

In an effort to take advantage of higher growth rates, Xalama
Chemical is expanding capacity with an emphasis on non-phenol
applications, primarily benzoate plasticizers and sodium benzoate.

23-11



TABLE 23-7. U.S. IMPORTS OF BENZOIC ACID, 1980-1989

: Percent
Quantity of U.5.
(10° kq) Consumption®

1989 3.9 4.5%
1988 2.2 ' 2.6%
1987 1.1 - 1.3%
1%86 0.9 1.2%
1988 ) 0.5 0.7%
1984 - 0.3 N.A.
1583 0.4 _N.A.
‘ 1982 0.2 N.A.
1981 0.1 N.A.
1980 Neg. ' Neg.

‘See Table 23-3,
*Census Bureau’s figure for benzoic acid and other salts.

N.A. = Not available.

Sources: Chemical Marketing Reporter, March 26, 1990, p.
12; BRI International, ¢ ca 11
Handb » "Benzoic Acid -=- United States,™ Juns
1989.
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This move may result in increased competition between the three
domagtic producers, particularly in non-phenol markets.

23.2 ECONOMIC IMPACT ANALYSIS
23.2.1 HON compliance Costs

A synopsis of annualized cumulative control costs and summary
statistics for benzoic acid production facilities presented in Table
23-8. Costs are presented for option one control costs. Option one
control costs are estimates of the actual costs that facilities are
likxely to occur. FPigure 23-1 illustrates control costs graphically.
Three facilities are displayed.

Benzoic Acid is currently produced via oxidation toluene.
Since thie is the only commercial process, no analysis of saparate
process coste is necessary.

23.2.2 pricing

Benzoic acid prices are determined by a combination of
feedstock costs and end-use demand. Toluene, the primary feedstock in
benzoic acid, is expected to grow slowly. Its principle use is as a
blendstock in the gasoline pool, and legislation reducing the aromatic

content of gasoline is hindering toluene growth. Phenol is the
driving end-use, and is projected to grow slowly as it's demand is
tied closely to growth of the general economy. Demand for non-phenol
end-uses will grow at about 4 percent annually, providing for the bulk
of benzoic acid growth in demand, and should keep prices firm.

23.2.3 Elasticities
The demand elasticity for benzoic acid is estimated on the

basis of available substitutes for benzoic acid, as well as
substitutes for end-uses. The potential for import substitution is
also examined.

23.2.3.1 Demand Elapticities

23.2.3.1.1 Phenol

The largest end uee for benzecic acid is phenol, accounting for
52 parcent in 198%. Over 97 percent of phenol is produced with cumene
as a feedstock, with less than three percent produced via toluene and
benzoic acid. Substituting cumena for toluene and benzoic acid can be
done fairly easily.

Phenclic reains are the primary phenol derivative, making up 38
percent of its end-uses. There are many alternatives to these resins,
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TABLE 23-8. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR BENZOIC ACID PRODUCTIONR

Annual Option One
Facility/ . Production Controls
Process . (10° kg) (S/kg)
1a 59.6 50.0096
2A 27.7 $0.0112
3a 4.3 $0.0484
Sumpmary Statisticg
Mean ' | $0.0231
Production - . $0.0119%
Waighted '
Average
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but they remain attractive owing to their low cost. Drawbacks are
difficulty in re-use/recycling, and deficiency in impact resistance.
As such, some more expensive thermosets such as alkyds and diallyl
phthalate-based products are sometimes employed. Demand elasticity is
 estimated to be slightly inelastic in this msector.

23.2.3.1.2 Bengzeoate Plasticizers

Benzoate plasticizers make up 20 percent of benzoic acid
demand. These plasticizers are commonly used to produce polyvinyl
chloride and polyvinyl alcohol. A variety of substitutes with aimilar
properties exiﬁt, including epoxidized soybean oil and phosphoric acid
derivatives, such as isopropyl phenyl giphenyl phosphate and t-butyl
phﬁnyl diphanyl phouphate:' Demand for benzoic acid in this sector is
regarded as slightly inelastic.

23.2.3.1.3 Sodium and Potassium Benzoate

Sodium and potassium benzoate make up 12 percent of benzoic
acid demand. These compounds are used as food and beverage
preservatives, as well as a corrosion inhibitor in antifreeze. As
food preservatives, a variety of substitutes exist, including sulfur
dioxide and sulfites, nitrates and nitrites, and sorbic acid. As a
corroeion inhibitor, substitutes are benzene sulfonic acid,
butylamines, and some inorganicse, to name a few. Demand for benzoic
acid in this sector is deemed slightly inelastic.

'23.2.3.2 Imports

Imports of benzoic acid have been growing steadily, and in 1989
made up 4.5 percent of domestic consumption. The majority of these
importe come from Canada. Although not very high in absolute terms,
the trend in growth of importas suggests that U.S. producers must
congider the possibility of import substitution due to price
increases. :

23.2.3.3 Elasticity Estimate .

In all cases, the demand elasaticity is in the slightly
inelastic range, hovering near unity. The demand elasticity is
estimated to be¢ between -.67 and -1.00.
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23.2.4 Market Structure .
In the U.S., 3 firms are currently producing benzoic acid.

Importantly, these three firms don’'t appear to be in direct competitjon
with each other. Each firm is vertically integrated into a different
end-use, to the exclusion of other end-uses, and are therefore
operating in different markets (see Section 23.1.4).

. The market leader is reliant on conversion of benzoic acid to
phencl. Since it manufacturers less than 3 percent of the domestically
produced phenol, it appears to be a price taker. This firm also sells
benzoic acid on the merchant market, and is considering entering
non-phencl apﬁlicationa as the phenol market is weak.

The second 1§£gast producer devotes its benzoic acid share to
the production of benzoaté'plasticizefn. It is not known how many
other fiims produce benzoate plasticizers. However, it is likely that
this firm is the industry leader. No other benzoic acid producers
manufacture benzoate plasticizers, and the merchant market for benzoic
acid is very small. If this firm is facing a less than perfectly
elastic firm level demand curve, the price increase will be less than
in the perfectly competitive case. '

The smallest producer dominates the sodium benzoate and
potaseium benzoate market. These firms currently produce these salts.
{The largest benzoic acid firm produces small amounts of these salts,
ag does one other.) Again, if this firm is facing a less than
perfectly elastic firm level demand curve, the price increase will be
less than in the perfectly competitive case.

23.2.5 Impacte on Price, Output., Total Revenue, and Employment
" Impacts on price, output, total revenue, and employment in the

benroic acid industry are presented in Tables 23-9, 1lA-3A, for option
one control costs. Benzoic acid producers each cater to a different
end-use market, and will therefore be impacted according to their
individual compliance costs. In this case, the production-weighted
average cost is irrelevant, and the three firms are analyzed separately.

23.2.5.1 Facility JA
23.2,5.1.1 Option One Coptrol Cogtsg

Option one control costs represent the maximum HON control cost
that an industry will incur. The weighted average percentage
price increase of .75 percent leads toc a price increase $.0096 per
kilogram. For the two elasticity levels of -.67 and -1.00, the
output reduction is 334 thousand kilograms and 498 thousand
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TABLE 23-9(1A). IMPACTS ON PRICE, OUTPUT,
TOTAL REVENUE AND EMPLOYMENT IN THE
BENZOIC ACID INDUSTRY FOR FACILITY
1A', OPTION ONE CONTROL COSTS

e - R T

— Elasticity

-0.67 =1.00
% Price {(%/kg) _ 0.75% 0.75%
A Price (S5/kg) $.0096 $.0096
%4 Output (3/kg) : (0.50%) (D.74%)
A Output (10° kg) {-334) {.498)
%2 Total Revenue 0.25% 0.00%
& Total Revenue (10° §) $.211 $0.00
4 Enployment S (1) (2)

(¥ of Employees)
'Wertically integrated into phenol production.

DEFINITIONS:

4 = Change In

Market Price = $1.28/kg _

1995 Output = 59.6 x 10° kg (based on 1989 production
at 2% annual compound
growth)

1995 Total Revenue = $85,934,012.66 (market price x
19%5 cutput)

1995 Employment = 234
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TABLE 23-9(2A). IMPACTS ON PRICE, OUTPUT,
TOTAL REVENUE AND EMPLOYMENT IN THE
BENZOIC ACID INDUSTRY FOR FACILITY
2A', OPTION ONE COKTROL COSTS

P

— Elasticity
-0.67 -1.00
%a Price (%/kg) 0.88% 0.88%
s Price ($/kg) £.0112 $.0112
%4 Output (3/kg) (0.58%) (0.87%)
A Output (10° kg) {.204) {.304)
%4 Total Revenue .29% 0.00%
A Total Revenue (10° §) $.129 $§0.00
4 Employment S A1) (1)

(# of Employees)

'Wartically integrated intc benzoate plasticizer
production. :

DEFINITIONS:
4 = Change In
Market Price = §1.28/kg
1995 Output = 27.7 x 10° kg (based on 1989 production
. at 4% annual compound
growth)

1995 Total Revenue = $44,835,617.78 (market price x
1995 output)

1995 Employment = 122
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TABLE 23-9(3A). IMPACTS ON PRICE, OUTPVUT,
TOTAL REVENUE AND EMPLOYMENT IN THE
BENZOIC ACID INDUSTRY FOR FACILITY
3a', OPTION ONE CONTROL COSTS

L e T —

~—Elasticity
_ -0.67 . =1.00
$a Price {%/kg) 3.78% 3.78%
a Price ($/kg) $.0484 $.0484
$a Output (%/kg) (2.46%) (3.64%)
a Output (10° kqg) {-125) . {.185)
%a Total Revenue 1.23 0.00%
a4 Total Revenue (10° §) $.080 $0.00
4 Employment L. -0 0

{(# of Employees)

Wertically integrated into sodium benzoate and
potassium benzoate.

DEFINITIONS:
4 = Change In
Market Price = §1.28/kg
1995 Output = 4.3 x 10° kg (based on 1989 production
- at 3% annual compound
growth) )

1995 Total Revenue = $6,508,177.27 (market price x
1995 output)

1995 Employment = i8
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kilograms, respectively. This facility accounts for 59.6 million
kilograms of industry production. Its decline in ocutput due to HON
contrcle is from .56 percent to .84 percent of its production, which
will not lead to closure. Employment loes is estimated to be from one
to two employees. '

23.2,5.2 Facjility 2A

23.2.5.2.1 Qption One Control Costs

The weighted average percentage price increase of .88 percent
leads to a price increase $.0112 per kilogram. For the two elasticity
levels of —.67 and -1.00, the output reduction is 204 thousand kilograms
and 305 thousand kiibgrams, respectively. This facility accounts for
27.7 million kilograms of’induutry prdduction. Ite decline in output
due to HON controls is from .74 percent to 1.1 percent of its
production, which will not lead to closure. Employment losse is
estimated to be cne emplayee.

23.2.5.3 Pacjlity 3A

23.2.5.3.1 option One Control Cogts
The weighted average percentage price increase of 3.78 percent

leads to a price increase $.0484 per kilogram. For the two elasticity
levels of -.67 ﬁnd =1,00, the decrease in output is 125 thousand
kilograms and 185 thousand kilograms, respectively. This facilit:
accounts for 4.3 million kilograms of industry production. Its decline
in output due to HON controls is from 2.9 percent to 4.3 percent of its
production, which will not lead to closure. Employﬁant loss is
estimated tc be O employees.

23.2.6 Conclugion

Three benzoic acid manufacturers produced about 91.6 million
kilograme of product in 1989. However, since each of the three firms
operates in a different market, impacts must be assessed on each firm,
given firm-level HON controls. In sach case, the impact of HON
controls is small. The price increases in non-phenol applications
could well accelerate the entrance of the largest firm (which produces
phenol) into these markets. :

23.2.7 References

1. Mannsville Chemical Products Corp. "Chemical Products Synopeis
~~ Benzoic Acid.” Asbury Park, NJ, March 1990.

23=-21



2. Reference 1.

3. "Chemical Profile -~ Benzoic Acid.™ Chemical Marketing
Reporter, October 8, 1990. '

4. Reference 1.

5. Reference 1.
6. Reference 1.
7. h 14 rtey, January 8, 1990, p. 27.
8.  Chemical Marketing Reporter, December 31, 1990, p. 25.
9. ica _ R , April 8, 1991, p. 33,

10, Reference 1.

11. "Chemical Profile —— Phanol.? ca x .

August 6, 1990, p. 46.

12. Reference 1.

13. Reference 1.

14. Reference 1.

15, Reference 1.

- 16. *Chemical Profile == Benzoic Acid.”" ic et
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CHAPTER 24
ACRYLONITRILE PRODUCTION

24.1 INDUSTRY PROFILE

Acrylonitrile is a chemical intermediate cntegorized as an
organic nitrile.' It is used in a variety of applications including
acrylic fibers, high-impact resins, and adiponitrile. To manufacture
acrylonitrile, most produders use the "Sohio process™ which involves
the oxidation of propylene and anhydrous, fertilizer-grade ammonia.?
Fifty-seven percent of domestic production in 1989 was consumed
captively.?®

24.1.1 Brief Market Introductjon

24.1.1.1 Historjcal Overview

Table 24-1 lists the average realized price of acrylonitrile
from 1980 to 1989%. From 1986 to 1988 price rose in response to
increasing demand.** Increased propylene costs in 1988 also put
upward pressure on price.® The 1988 price of B2 cents per kilogram
was the ten-year high. o | _

After reaching this ten-year high, the price of acrylonitrile
fell 9 percent in 1989 to 75 cente per kilogram. There was downward
pressure on price due to lower domestic demand as well as lower
foreign demand.’

Discounting ie common; therefore, trade list prices are higher
than actual selling prices.‘

24.1.1.2 Recent Developments
The trade list price of acrylonitrile in January 19%0C ranged

from 93 to 99 cents per kilogram.’ By Juiy it had fallen to 77 cents,
despite a slight rise in propylene costs.” The price rose back to 85
cents by December, however, as both propylene costs and ammonia costs
rose."! As of April 1991, acrylonitrile’s price was still 85 cents.”

Domestic producers have had trouble raising price in response to
increased feedstock costs.” This has been because of depressed acry-
lonitrile demand. &Ae a résult, profit margine have been so low that
producers are claiming that they lose money by producing
acrylonitrile.™



TABLE 24-1. AVERAGE REALIZED PRICE OF ACRYLONITRILE,

1980-1985

Price

(¢/kg)
1939 75
1988 a2
1987 - 64
1986 57
1985 _ 68
1984 | L : N.A.
1983 N.A.
1982 - N.A.
1981 N.A.
1980 62

N.A. - Not available

Sources: Mannsville Chemical Products Corp., “Chemical
Products Synopsis -- Acrylonitrile,” May 1990;
U.S. International Trade Commission, Synthetic

Organic Chemicalg, 1988, 1989.
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24.1.2 Demand Congditions

24.1.2.1 Uses for Bengojc Acid
Acrylic and modacrylic fibers consumed 46 percent of 1989 acry-

lonitrile production (Table 24-2). S8ixty-five to seventy percent of
these fibers were used in apparel applications, thirty percent in home
furnishings, and the remainder in industrial applications.!

Twenty-seven percent of acrylonitrile output was used to manu-
facture acrylonitrile-butadiene-stryrene (ABS) resins and styrene-
acrylonitrile (SAN) resins. These high-impact resins compete with
engineering resins and commodity-type resins."” ABS resins are used
in appliances, business machines, telephones, transportation equip-
ment, recreaticn equipment, luggage, and construction eguipment. SAN
ragin applications include appliancas,'automobiltl, housewares, and
packaging. Acrylonitrile makes up about 25 percent of an ABS resin
and about 30 percent of a SAN resin.” _

Adiponitile (14 percent) is an intermediate used to manufacture
nylon 6,6 fibers and plastic resins.

The catalytic hydrolysis of acrylenitrile produces
acrylamide.“' Acrylamide accounted for 6 percent of 1989 consumption
of acrylonitrile. The chemical is used in various applications
including water treatment, oil drilling, pulp and paper production,
and mineral processing.

Miscellaneous acrylonitrile applications include uee in the
production of nitrile elastomers and polyacrylonitrile. WNitrile
elastomers find use in fuel-line-type applications, latex coatings for
oil-resistant papers, leather, and textiles. Polyacrylonitrile is a
precursor for carbon-fiber used in high-strength applications.
Examples of these applications are aircraft parts and goif-club
shafte.

24.1.2.2 gConsumption

Table 24-3 lists the domestic apparent consumption of acrylo—
nitrile from 1980 to 1989. _

After falling 12 percent (76 million kilograms) from 1985 to
1986, apparent consumption increased through 1988. This growth
occurred despite lackluster demand for acrylic fibers over the last
several years.” Consumption grew due in part to strong demand for
ABS resins; in response toc this demand, production of ABS resins grsw
at least 7 percent annually from 1986 to 1988.% polyacrylonitrile
applications, though low-volume, also grew substantially in the last
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TABLE 24-2. USES OF ACRYLONITRILE, 1989

Parcent
of Total
Consumption
Acrylic and modacrylic fibers - 46%
High-impact reeins: 27%
Acrylonitrile-butadiene-
styrene (ABS) reeins - 22%
Styrene-acrylonitrile (SAN)
resine - 5% -
Adiponitrile 148
Acrylanide ". . 6%
Miscellaneous* 7%

‘Includes nitrile elastomers, polyacrylonitrile.
Source: Mannsville Chemical Products Corp.,

"Chemical Products Synopsis --
Acrylonitrile,™ May 1990.
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TABLE 24-3. APPARENT CONSUMPTION OF ACRYLONITRILE
IN THE U.S., 1980-1989

Apparent
Consumption®

(10° kg)
1989 643"
1988 . 674
1987 | 591
1986 561
1985 R : 637
1984 : K.A.
1983 _ N.A.
1982 N.A.
1981 _ N.A.
1980 | 653

*Production plus imports, minus exports. Because
inventory changes are ignored, thie is a wimplified
estimate of consumption. Imports of acrylonitrile
ware not significant during the period, thus were
not factored into the calculation.

brhis figure may be overstated due to substantial
inventory buildup.

Sources: Chemjical & Engineering News, June 18, 1990,
p- 39; chemical Marketing Reporter, March 5,
1990, p. 15; Mannsville Chemical Products
Corp., "Chemical Product Synopsis ——
Acrylonitrile," May 1990; U.S. International
Trade Commigseion, t c 0 ic

Chemicals, 1989.
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several years.? The demand for acrylic fibers, as well as for other
acrylonitrile applications, was strong in 1988.2 Asg a result,

apparent consumption grew 14 percent (83 million kilograms) to reach a
ten~year high of 674 million kilograms.

The quantity demanded subsequently dropped 5 percent (31
million kilograms)} in 1989 as domestic demand dropped. It should be
noted that the figure for 1989 may be overstated. A decrease in
exporte led to substantial inventory buildup.? As stated in the
table, inventory changes are ignored in estimating apparent
consumption.

24.1.2.3 Exporte .
As can be seen in Table 24-4, there was significant worldwide

demand in the 1980s for domestically-produced acrylonitrile. From
1585 to 1989 exports accounted for at least 40 percent of production.
The ten-year high-occurred in 1987 when 521.2 million kilograms of
acrylonitrile were shipped abroad. By 1989 exports were down to 428.4
kilograms as worldwide demand fell. Thig led to substantial inventory
buildup in the U.5.*

U.S. exports continued to suffer in 1990 due to iower worldwide
demand and increasing worldwide capacity,®* Nevertheless, the U.S.,
‘according to Chemicalweek, was the world‘e largest supplier of
acrylonitrile.¥ _

U.S. exports helped to keep capacity utilization rates near the
100 percent mark during the 19808, especially in the latter years.®?

24.1.2.4 Future Prospects

There are a variety of demand growth forecasts for acrylo-
nitrila, despite the fact that most of its applications are mature.?

. The Mapnsville Chemical Products Corporation has forecast
_demand growth to be in the vicinity of GNP.® Acrylic fibers will
face continued competition from synthetic and natural fibera such ag
nylon, polyester, and cotton. The ABS and SAN resins will have decent
growth. ABS resins in particular are becoming more of a specialty
product, eliminating some of the competition from engineering resins
and commodity-type resins. Acrylamide will also experience good long-
term growth in demand. )

Some trade sources are more optimistic in their forecast. The
Freedonia Group expects demand growth for acrylonitrile of 4.3 percent
annually through 1993." Demand will reach 771 million kilograms.

Over the same time periocd acrylic fibers will grow 3.1 percent
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TARLE 24-4. U.S. EXPORTS OF ACRYLONITRILE,

1980-1989
. Parcent

Quantity of U.8.

{10° kg) Production*
1989 428.4 . 40.0
1988 509.4 43.1%
1987 521.2 46.9%
1986 428.6 43.3%
1985 - a28.2 40.2%
1984 N.A. R.A.
1983 N.A. N.A.
1982 N.A. N.A.
1981 N.A. N.A.
1980 176.9 | 21.3%

‘See Table 24-6.

N.A. — Not available.

Sources: Chemical Marketing Reporter, March 5, 1990,
p. 15; Mannsville Chemical Products Corp..,

"Chemical Products Synopsis -~ Acrylonitrile,*®
May 1990.
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annually while ABS reeins will grow more slowly at an annual rate of
2.4 percent. SAN resine will expand more quickly, 4.6 percent
annually. The fastest growth; however, will be in nitrile elastomers,
whose demand is forecast to grow 6.6 percent annually through 1993.

The world demand for acrylonitrile is forecast to grow from 3.4
billion kilograms in 1990 to 4.2 billion kilograms in 1996, according
to BP Chemicals.” The firm expects all end uses to grow, with adipo-
nitrile and ABS and SAN resins growing 5 percent annually. Acrylamide
will grow 4 percent annually, acrylic fibers 2.3 percent, and nitrile
elastomers anywhere from 1 to 3 percent.

Exports will declina due to increased capacity overseag,

24.1.3 mmu_;m '
24.1.3.1 Production Procesges

Every domestic producer of acrylonitrile uses the Sohic
process.’ This process involves manufacturing acrylonitrile by the
oxidation of propylene and anhydrous, fertilizer-grade ammonia.
Bydrogen cyanide and acetonitrile are produced as coproducts.
Worldwide, the Sohio process is employed by 90 percent of all
facilities.®

24.1.3.2 pomestic Producers agnd Total Productiopn

Information concerning domestic producers of acrylonitrile is
éontained in Table 24-5. Total industry capacity is 1,306 million
kilograme. This capacity is divided among 5 companies and 6 facili-
ties. BP Chemicals controls the largust share of capacity, approxima-
tely 35 percent.

Table 24-6 lists production data from 1980 to 1989. Except for
a drop in 1986, the production of acrylenitrile rose steadily from
1980 to 1988, reaching a high of 1,183 million kilograms in 1988. 1In
1989, production fell 112 million kilograms {9 percent) in response to
decreased demand for acrylonitrile worldwide.

From 1985 to 1988, capacity-utilization rates have, for the
most part, been close to 100 percent. The production of acrylonitrile
in 1989 represented 89 percent of industry capacity.®

24.1.3.3 Cogts of Prodyction .
The production costs for acrylonitrile are mainly determined by

propylene costs.” Acrylonitrile consumed 14 percent of propylene
output in 1989.* Costs are also dependent on the cost of anhydrous,
fertilizer-grade ammonia.
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TABLE 24-5. U.S. PRODUCERS OF ACRYLONITRILE, 1990

Company Location Capacity
(10° kg/yr)

Amerjcan Cyanamid Fortier, LA 145
BP Chemicals {Sohio Greenlake, TX 272

Division)* _ Lima, OH 181
DuPont Beaumont, TX 172
Monsanto Chocolate Bayou, TX 218
Sterling Chéﬁicu1§ Texas City, TX 318

| | 1,306

*In 1990 BP Chemicale was in the process of adding 90.7
million kilograms of capacity through expansions at
both of its facilities.

Sources: Mannsville Chemical Products Corp., "Chemical
Products Syncpsis -- Acrylonitrile,®™ May 1990;
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TABLE 24-6. U.S. PRODUCERS OF ACRYLONITRILE, 1980-1989

110%g) "

1989 | . 1,071
1988 1,183
1987 ' 1,112
1986 . ' ©.990
1985 R 1,065
1984 - R | 1,007
1983 : _ 973
1982 ' . 923
1981 906
1980 830
Sources: 1 in 8, June 18, 1990,

Pp- 39; U.S. International Trade Commission,

Svathetic Organjc Chemjicalg, 1989.
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In January 1990, propylens costs wers in a range of 30 to 34
cente per kilogram.” By December the range increased to 52 to 54
cents.® However, by April 1991 propylene costs had fallen to a 41 to
45 cent range.! :

The cost of anhydrous, tbrtiliznr—grade ammonia cost in January
1990 ranged from 12 to 13 cents per kilogram.® It subsequently rose
to a range of 16 to 17 cents by December and was unchanged as of April
199194

24.1.3.4 Imporis
Imports of acrylonitrile were negligible throughout the

1980s.% However, demand for domestically-produced acrylonitrile has
recently been hurt by imports of acrylic-based textiles and apparel.*

24.1.3.5 Future Prospects
No significant capacity expansions are expected in the near

future.

With respect to feedstocks, no long-term supply problems are
expected for acrylonitrile’s main feedstock, propylene.¥ In fact,
the propylene industry may reach a state of overcapacity once planned
capacity additions come on stream. Steady growth in other propylene
derivatives will keep prices from lowering significantly, however.*

24.1.4 Future Market Progpects
There are varying forecasts for the demand growth of

acrylonitrile.

one forecast calls for close to GNP growth, while a trade source

expects 4.3 annual growth. World demand is expected to grow from 3.4

billion kilograms in 1990 to 4.2 billion by 1996. U.S. exports will

decline nevertheless due to increased acrylonitrile capacity worldwide.
The costs of preduction will not rise significantly because

propylene is expected to be in ahundant supply.

24.2 ECONOMIC IMPACT ANALYSIS
24.2.1 HON Compliance Costs

A synopsis of annualized compliance costs and summary statistics
for acrylonitrile is presented in Table 24-7. Costs are dieplayed for
option one controls. Option one controls are estimates of the actual '
control costs that facilities are likely to incur. Pigure 24-1
illustrates control costs graphically. 8ix facilities are displayed.
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TABLE 24-7. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND
SUMMARY STATISTICS FOR ACRYLONITRILE PRODUCTION

FACILITIES
Annual _ .Option One
Facility/ Production Controls
Process (10° kg) ($/kg)
1a 155.0 $0.0019
2a 272.0 $0.0021
3a 159.0 $0.0024
4A 218.0 $0.0060
SA 222.0 $0.00860
6A 175.0 $0.0069
umm stica '
Mean ) ZI ' . $0.0042
Production ' $0.0042
Weighted :
Average
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Acrylonitrile is currently produced via air oxidation of
propylene. Since this is the only commercial process, no analyszs of
separate process costs 18 necespary.

24.2.2 Pricing
' Acrylonitrile prices are determined by a combination of

feedatock costs and end-use demand. Recently, list prices have been
dropping due to declining export demand, and declining propylene
prices, which is the primary feedstock. Worldwide overcapacity and
slack demand for acrylic fibers could push prices lower still. Thua,
the $.75 per kilogram price employed in this analysis might prove too
high, and impacts could be understated.

24.2.3 Elastjcjities

Demand elasticities for acryleonitrile will be estimated on the
bagie of available substitutes for acrylonitrile, as well as
substitutes for end-usee. The potential for import substitution is
also examined. o '

24.2.3.1 pemand Elagticitieg
24.2.3.1.1 peryvlic and Modaervlic Fibers

Acrylic and Modacrylic Fibers make up 46 percent of
acrylonitrile demand. Acrylonitrile is a particularly desirable
synthetic fiber, owing to its characteristic of being "wool like."
They have a soft touch, launder readily, dry rapidly, and keep their
shape. For this reason, it has penetrated traditional consumer
markets for wool. Weool itself, as well as cotton, are natural fiber
substitutes. In the synthetic fibers, polysster, nylon, and rayon are
competitors. The demand for acrylonitrile is estimated to be
moderately inelastic in this sector.

24.2.3.1.2 High-Impact Resins

High-impact resins account for 27 percent of Acrylonitrile
demand. Twenty?two percent of this is acrylonitrile~butadiene-styrene
(ABS) resins, and the other five percent styrene-acrylonitrile (SaN)
resins. These engineering resins are particularly well suited for
coneumer electric hand tools. Substitutes are nylon compounds,
especially when hydrocarbon resistance is important, and polybutylane
terephthalate. The demand for acrylonitrile in this sector is
regarded as moderately inelastic.
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24.2.3.1.2 pdipopitrile
Adiponitrile accounts for 14 percent of acrylonitrile demand.

This synthetic elastomer finds use in engineering and process
industries. Adiponitrile is useful for its ability to resist ewelling
when in contact with solvents, and also withatands chemical reactive
attack. A varjiety of substitutes axist, including neoprene and
flucrocarbon elagtomers. The demand for acrylonitrile is deemed
moderately inslastic in this sector.

24.2.3.2 lmports

Acrylonitrile imports themselves are thought to be
insignificant. However, imports of acrylic-balud textiles and apparel
have dampened domestic demand for acrylonitrile. As such, domsstic
price increases which are felt in these end-use markets will be
hindered by overseas competition.

24.2.3.3 Elasticjty Eatimate
The demand elasticity for Acrylonitrile in all end-use sectors
is estimated to be in the moderately inelastic range of -.34 to -.67.

24.2.4 Market Structure
Table 24-8 summarizes the parameters for the market structure of

acrylonitrile. Five firms are currently producing acrylonitile. The
four-firm concentration ratio is 88.9%, signifying substantial market
power. The HHI is 2,3713, which falle in the fnnqe of substantial
market power. Captive consumption is 57%, indicating a moderate level
of verticle integration. On average, 3 chemical compounds are produced
at acrylonitrile sites, suggesting a slight level of horizontal
integration. Imports in the industry are important, serving to
undermine the pricing discretion of domestic producers. In summary, the
acrylonitrile industry is moderately to highly oligopolistic, and
producers are likely to absorb a significant portion of HON control
coste.

24.2.5 IEEEEE!_QE_2IiE!;_Q!EBEI;_I9E5l_Bszin_!;_an_EEB__Iﬂg__

Impacta on price, ocutput, total revenue, and employment in the
acrylonitrile industry for option one control costs are presented in
Table 24-9. '
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TABLE 24-9. IMPACTS ON PRICE, OUTPUT, TOTAL
REVENUE AND EMPLOYMENT IN THE ACRYLONITRILE
INDUSTRY!, OPTION ONE CONTROL COSTS

[

stic
=0.34 -0,67

%s Price (MWkg) 0.57% 0.57%
s Price ($/kg) $.0042 $.0042
%4 Output (%/kg) (0.19%) (0.38%)
A Output (10° kg) (2.8) {5.4)
%4 Total Revenue 0.37% 0.19%
s Total Revenue (10° §) $4.0 $2.0
4 Employment L _ (6) {(11)

(# of Employesas)

'Based on Production Waeighted Average Cosat
DEFINITIONS:

A = Change In

Market Price = $0.75/kg

1995 Output = 1,439 x 10° kg (based on 1989 production
at 3 percent annual compound growth)

1995 Total Revenue = $1,079,124,762.99 (market price
x 1995 output)

1995 Employment = 2,940
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24.2.5.1 Qption One Coptrol Costs

Option one control costs represent the estimated actual HON
control cost that an industry will incur. The production weighted
average percentage price increase of 0.57 percent leads to a price
increase $.0042 per kilogram. PFor the two elasticity levels of -.34 and
~.67, the output reduction is 2.8 million kilograms (0.19%) and 5.4
million kilograms (0.38%), respectively.

The maximum decline in output of 5.4 million kilograms makes up
3.1 percent of the output of the Facility 6A, which, with annual
production of 175 million kilograms, im the facility with the highest
compliance cost. The loss in employment ie estimated to range from 6 to
11 employees, -Thus;.in the most conservative option one scenaric, HON
controls will have a minimal impact on the acrylonitrile industry.

24.2.6 conclueion

The range of HON control costs in the option one contrcl acenario
is §.0019 to $.0069. The differential is one-half cent, indicating that
the production-weighted average cost is probably a good estimate of the
industry price change. Fifty-seven percent of acrylonitrile is consumed
captively, so the price increase will be achievable. Any price changes
are likely to be felt in end-use markets. As noted in the pricing '
section, the price employed for this analysis might be too high.
Nevertheless, the price ie not so overstated as to alter the impacts
substantially. Closure is unlikely, and the impact of HON controls in
the acrylonitrile industry is estimated to be negligible.

24.2.7 References

1. Mannsville Chemical Products Corp. "Chemical Products Synopsis
-— Acrylonitrile.” Aasbury Park, NJ, May 1990.

2. - Reference 1.

3. U.S. International Trade Commission. Synthetic Orgapic
ica - 5 g8 Prod a o ’
Washington, DC, December 1990, p. 15-4.

4. "Chemical Prefile -- Acrylonitrile.” Chemjical Marketing
Reporter, March €, 1989.

5. Reference 1.
6. Reference i.
7.. Reference 1.
8. Reference 1.

9. chemical Marketing Reporter, January 8, 1990, p. 26.
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12. cal , April 8, 1991, p. 32. .
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CHAPTER 25
METHYL CHLORIDE PRODUCTION

25.1 INDUSTRY PROFILE

Methyl chloride, alternatively referred to as chloromethane, is
a member of the chlorinated hydrocarbons family of chemicals. Seventy-
nine percent of domastic consumption is accounted for by methyl
chlorosilanes, used in the production of silicone fluids, resins, and
elastomers. The dominant production process is direct chlorination of
methane. In 1990, less than 40 percent of domestic methyl chloride
production was sold on the merchant market.'

25.1.1 Brief Market Introduction .
25.1.1.1 Historigal Overview
Table 25-1 liste average realized price from 1980 to 1990,

Prices increased slowly from 1980 to 1986, and then leveled off.
Discounting off of list is common for large consumers. For example,
while from 1985 to 1990 net price fluctuated between 42 and 46 cents per
kilogram, the trade list price was betwsen 53 and 57 cents per
kilogram.? Average realized price declined from 1985 to 1589, but has
been edging upwards since then.

"~ In the early 1970s, tetramethyl lead accounted for nearly 40%
of domestic methyl chloride consumption. Government requlations phased
out the use of this lead alkyl anti-knock fuel additive for
environmental reasons. Thus, tetramethyl lead ceased to be a methyl
chloride end-use by 1986.°

25.1.1.2 Recept Developments
-The price of methyl chloride has been edging up recently, with

the most recent trade list price at nearly 62 cents per kilogram.* This
increase could be attributable to increasing costs of raw material
anhydrous hydrochloric acid. (See section 25.1.3.3 on costs of
production.)

25.1.2 Demand Condjitions

25.1.2.1 Uses for Methvl Chloride
Table 25-2 lists end uses for methyl chloride. Silicones

account for 79 percent of methyl chloride applications, by far the
largest consumer of the end-use markets.’ Silcones themselves are
widely used in sealant and adhesive applications, primarily in the
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TABLE 25-1. AVERAGE REALIZED PRICE OF METHYL CHLORIDE,

1980-1990
- Price
(¢/kg)
1990 - .44
1989 ' : -42
1588 .42
1987 .44
1986 -44
1985 B .46
1984 . : .42
1983 _ .37
1982 . o .40
1981 «37
1980 ' .40
Sources: Mansville Chemical Products Corp., "Chemical Products

Synopeis -- Methyl Chloride,” November 1990; U.S.

International Trade Commission, Synthetic Organic Chemicals,

1981-1984.
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TABLE 25-2. USES OF METHYL CHLORIDE, 1990
4

Parcent
of Total
COn-um?tion

Silicone fluids, resins, and 79%
elastomers
Methylcsllulose ri ]
Quaternary Ammonium Compounds E%
Agricultural Chemicals : 3
Butyl Rubber ' 2%
Miscellanecus . .- 2%

Source: "Chemical Profile -- Methyl Chloride." Chemical
Marketing Reporter, March 9, 1992.and surgical sectors.*
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construction sector. Other outlets for silicones are the automotive,
wire and cable, and medical and surgical sectors. Performance of these
industries, especially construction and automotive, is closely tied to
the national economy, and therefore so is the derived demand for methyl
chloride in this application. Mathyl chloride also has chemical
intermediate applications, with sevenpercent of consumption going to
agricultural uses, five percent to quarternary amines {used as
. surfactants and'diuinfectantij,-and five percent to butyl rubber.’

GE Plastics and Dow Corning consume all of their methyl
chloride output captively in silicone production.®

25.1.2.2 Consumption ,
Apparent consumption of methyl chloride in the U.S. is listed

in Table 25-3. Since export data is not available from 1581 through
1984, apparent consumption could not be calculated for these years.

As shown, apparent consumption increased gradually throﬁghout
the decade. This is due to increasing demand for methyl chloride in all
of it’s end uses -- especially for silicones —- during the 1980s.°

25.1.2.3 Exportg
U.5. exporte of methyl chloride are displayed in Table 25-4.

Exports reached a decade-high of 10 million kilograms in 1989 (4.8% of
U.S. production). In general, exports account for a relatively small
percentage of U.S. production.

25.1.2.3 Futyge Progpgcts

The main area of market strength for methyl chloride is in it's
application to silicones and methylcellulose. Other applications are
considered mature. '

Demand growth for methyl chloride in the preduction of
silicones hae been expanding at about two to three percent annually.'"
One source projects growth in this area to be five to seven percent over
the next several years. However, a conflicting source is more
cautious, as new markets for silicone products have not yet come to
fruition.'™ puture demand for methyl chloride is highly dependent on
the silicones market.

For use in methylcelluloss, demand is expected to grow at two
to three percent per year.” Agricultural and butyl rubber ipplications
are considered mature, with growth no larger than one percent.'

Overall growth in demand for methyl chloride is projected to be
one to two percent per year through 1996." while other sources are
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TABLE 25-3. APPARENT CONSUMPTION OF METHYL CHLORIDE
IN THE U.S., 1980-199%0

e S — e e

Apparent
Consumption®

(10° kg)
1990 | 304
1989 o8
1988 ' 290
1987 265
1986 249
1985 - _ | 236
1984 ' | N.A.
1983 N.A.
1982 | N.A.
1981 N.A.
1980 186

*Production plus imports, minus exports. Imports are negligible
in the methyl chloride market, and are valued at zero. Because
inventory changes are ignored, this is a simplified eetimate of
consumption.

Sources: Hansville- Chemical Products Corp., "Chemical Products
Synopsis =-- Methyl Chloride,"” November 1990
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Table 25-4. U.S. Exports of Methyl Chloride, 1980-1990

w

Quantity Percent of

{10° kg) U.S. Production®
1990 _ 9.5 , 3.0
1989 ' 10.0 3.1
1988 ' 7.7 2.6
1987 5.4 ' 2.0
1986 6.4 2.5
1985 9.1 i 3.7
1984 . N.A. ' N.A.
1983 - N.A. N.A.
1382 . | N.A. N.A.
1981 - N.A. ' | N.A.
1980 5.0 3.0

*See Table 25-6.

Source: Mansville Chemical Products Corp., “Chemical Products Synopais
: -~ Methyl Chloride,”™ November 1990,
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more optimistic, this conservative scenario will assure that the
economic impacts are not understated.

25.1.3 Supplv Conditjions
25.1.3.1 Production Procesges
Methyl chloride is currently produced by three processes. The

dominant process is hydrohalogenation of methanol. This process is more
desirable due to its flexibility, since other chloromethanes, such as
msthylena'chlorida, chloroform, and carbon tetrachloride can also be
produced, depending on demand conditions.’® Other routes of production
are the halogenation of methane to produce chloroform, yielding methyl
chloride as a coprodﬁct, and the esterification of methyl chloride te
produce dimethyl sulfate,'again gsneriting methyl chloride as a
coproduct. -

© 25.1.3.2 Domestic Producers and Total Production
Table 25.5 list domestic producers of methyl chloride. There

are currently five firms producing methyl chloride. Dow Chemical, Dow
Corning, and Vulcan Materials all operate two facilitlies each. General
Electric Plastics and Occidental coperate one facility. Total industry
capacity is 438 million kilograms, with Dow Corning controlling the
largest percentage (41%)." Capacities are flexible as other
chloromethanes can be produced in the same facility.

Table 25-6 lists U.S. production of of methyl chloride from
1980 to 1990. Production increased gradually throughout the decade,
despite a considerable shakeup in the market. In the mid-1980s, Dupont,
Ethyl Corporation, and Stauffer discontinued production, as tetramethyl
lead was phased out.™ 1In 1988, Vista exited the market by selling its
Lake Charles, LA plant to Vulcan. In late 1990, Vulcan cpened two of
its own plants, and closed the old Vista plant permanently."
Output in 1590 represented 80 percent of total methyl chloride capacity.

25.1.3.3 Cogtg of Productjon :
Production costs of methyl chloride stem primarily from the

cost of it’'s principle raw materials, methanol and hydrochloric acid
{HCL}. A future cost sgueeze is possible as anhydrous HCL becomes less
readily available.® This is due to environmental restrictions limiting
the use of chloroflourocarbons made from chlorform. cChloroform
production yields anhydrous HCL as a coproduct, which is less costly
than on-purpose HCL.
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TABLE 25-5. U.S. PRODUCERS OF METHYL CHLORIDE, 1991

e e ——————————— -

Pacity
Company Location {10° kg/yr)
Dow Chemical Plaquamine, LA 79
Freeport, TX 25
Dow Corning Carrolton, KY 181
Midland, MI 23
General Electric Waterford, NY 41
Plastics :
Oceidental Chemical Belle, WV o 44
Vulcan Materials - Geismar, LA ' 24
_ - - Wichita, K5 21
' ‘. ' 438
m
Sources: »Chemical Profile -- Methyl Chlorida. Chemical

Marketing Reporter, March 9, 1992,
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TABLE 25-6. U.S. PRODUCTION OF METHYL CHLORIDE

1980-1990
-
Quantity
(10° kg)
1990 | 313
1989 | 318
1988 298
1987 271
1986 | 256
1985 ' 245
1984 . : : 219
1983 | 186
1982 N 166
1881 184
1980 164

Source: Mansville Chemical Preducts Corp., "Chemical Products Synopsis
~— Methyl Chloride,” November 1990; U.S. International Trade
Commission, Svpthetic Organic Chemicals, 1981-1984.
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25.1.3.4 Imports
Imports of methyl chloride are negligible, and no data is

presented.

25.1.3.4 Fyture Progpects
' Supplies of methyl chloride are thought to be adequate in the

near term. Capacity expansions take six to nine monthe, and methyl
chloride producers have information on end-use demand conditions for
approximately five years.? No supply problems are predicted in the
1990s.

As the supply of anhydrous HCL becomes less readily available,
producers might expéfiqnca a cost squeeze over the next several years.

25.1.4 Future Market Prospects

The methyl chloride market is closely tied to the national
economy, since applications in the construction and automotive sectors
predominate. As such, prospects should brighten as the CCONOMmy eaAses
out of the current slowdown.

Future profitability and growth is highly dependent on growth
in silicones applications. Increasing costs for anhydrous HCL could
adversely affect profitability in the years to come.

25.2 ECONOMIC IMPACT ANALYSIS

25.2.1 cCompliance Costs

A synopsis of annualized cumulative control costs and summary
statistics for methyl chloride production is presented in Table 25-5.
Eleven facilities are displayed. The same information is presented
graphically on Figure 25-1. Costs are given for option one controls.
Option one controls are estimates of the actual costs that facilities
are likely to incur.

Methyl chloride is currently produced by three processes.
Procees A ie the halogenation of methane to produce chloroform, yeilding
methyl chloride as a coproduct. Process B, the dominant process in the
industry, produces methyl chloride via hydrohalogenation of methanol.
Process C employs the esterification of methyl chloride to produce
dimethyl sulfate, again yeilding methyl chloride as a coproduct. It is
noted that the cost differential between processes is masked by the
production-weighted average cost. '
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TABLE 25-7. CUMULATIVE ANNUALIZED COSTS OF HON CONTROLS AND SUMMARY
STATISTICS FOR METHYL CHLORIDE PRODUCTION FACILITIES AND METHYL CHLORIDE
PRODUCTION PROCESSES

Annual _ Option One
Facility/ Production Controls
Process {10° kg) (§/kg)
1A 5.9 S0.0004
2C 5.4 &0.0034
ac 5.4 $0.0052
4B 10.3 $0.0114
5B 21.6 $0.0114
6B 63.9 $0.0143
7B 48.9 $0.0159
-] : 85.5 $0.0160
9B T, . 27.3 $0.0160
10B ' 38.5 $0.0209
11E 21.6 $0.0221
Control Costs by Process _
Process A $0.0004
Process B - $0.0162
Process C ’ $0.0026&
Summary Statistics
Mean $0.0125
Production $0.0155
Weighted
3verage
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25.2.2 Pricing
Methyl chloride prices generally follow that of its principle

raw materials -— methancl and hydrochloric acid. Environmental
restrictions limiting CFC’'e made from chloroform could put upward
pressure on hydrochloric acid costs (see section 21.5.3.3). If methyl
chloride producers respond with price increases, the economic impact of
the HON might be overstated.

25.2.3 glasticitieg
Demand elasticities for methyl chloride will be estimated on the

basis of available substitutes for methyl chlorids; as well as
substitutes for end-users. The potential for import substitution is
alsc examined. . ‘

25.2.3.1 silicone Flujids, Elastomers, and Resins
Methyl chlroide production for use in silicones manufacturing

accounts for 79 percent of methyl chloride demand.” Silcones themselves
are widely used in sealant and adhesive applications, primarily in the
construction sector. Other outlets for silicones are the automotive,
wire and cable, and medical and surgical sectors. Over one thousand
different silicone products are commercially available.?
. Generally, silicone applications are based on their unique
properties and cost-effactiveness. These properties include thermal
Btability, oxidative stability, resistence to weathering, good spreading
power, and chemical and biological inertness.? Cost-effectiveneas
stems from assembly, installation, and maintenance labor costs, combined
with longer service life than organic substitutes.®

A wide variety of organic fluids, resins, and elastomers are
potential substitutes for silicone, but the above mentioned properties
of silicones tend to make them preferable in end-use markets. Some
applications require the uniqueness of silicones.

Given the unique properties of silicones, demand for methyl
chloride in this sector is consjdered to be moderately inelastic.

25.2.3.2 Imports
Importe of methyl chloride are insignificant, and will not
hinder pricing discretion of domestic producers.

Since this end use accounts for such a large share of total
methyl chloride consumption, demand elasticities for other end
uses are not analyzed.
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25.2.3.4 Elasticity estimate

Other end~uses of methyl chloride are not examined in detail,
gince silicones account for 79 percent of methyl chloride applications.
The demand for methyl chloride is estimated to be in the noderately
highly inelastic range of ~.34 to -.67.

25.2.4 Market Structure

' Table 25-8 summarizes the parameters for the market gtructure of
methyl chloride. Pive firms are currently producing methyl chlorids.
The four-firm concentration ratio is 90.6 percent, signifying
substantial market power. The HHI is 3027.7, which falls in the range
of substantial market power. Captive consumption is just over 60
percent, indicating substantial market power., On average, seven .
chemical compounds are produced at methyl chloride mites, -uggasting a
substantial degree of horizontal integration. Imports in the industry
are neignificant. In summary, the market atructure of the methyl
chloride industry is highly oligopolistic, and firms will likely absork
a significant portion of HON compliance costs.

Impacts on price, output, total revenue, and amployment in
the methyl chloride industry for option one corntrols are presented in
Table 25-9,

25.2.5.1 option One Coptrol Cogts

Option one control costs represent the actual control cost that
an industry is likely to incur. The weighted average percentage price
increase of 3.17 percent leads to a price increase §.0155 per kilogram.
For the two elasticity levels of -.34 and -.67, the output reduction is
4.5 million kilecgrams (1.01%)} and 8.7 million kilograms (2.07%),
respectively.

Facility 11B, which accounts for 21.6 million kiiograms of
industry production, is highest cost plant in the industry. 1If this
plant absorbs the entire reduction in output, it would lose from 21 to
- 40 percent of its production, which is unlikely to lead to closure. If
either facility 1A, 2c, 3C, or 4B are marginal, then closure is again
posaible.

_ 'Three processes are used to produce methyl chloride. The cost
differential favors process A and procesa C {wherc methyl chloride is
produced as a coproduct). Process B incurs luhstantially higher control
costs. At the same time, process B accounts for 89 percent of industry
production. Plant flexibility and lower cost have led to the dominance
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TABLE 25-9. IMPACTS ON PRICE, OUTPUT, TOTAL REVENUE AND
EMPLOYMENT IN THE METHYL CHLORIDE INDUSTRY',
OPTION ONE CONTROL COSTS

Blasticity
_001 -0-34
%A Price (%/kg) 3.17% 3.17%
4 Price (5/Kkg) $.0155 $.0155
%a Output (%/kg) , (1.05%) (2.07%)
& Output (10° kg) (4.5) (8.8)
%a Total Revenue 2.08% 1.03%
& Total Revenue (10° §) (4.3) (2.1)
A Employment (86) (169)

(# of Emgloyees)‘q

'Based on Production Weighted Average Cost
DEFINITIONS:

a4 = Change In

Market Price = $0.49/kg

1995 OQutput = 6.1 x 10° kg (based on 1989 production at
12% annual compound growth)

1995 Total Revenue = 53,003,349,909.62 (market price
x 1995 output) '

1995 Employment = 8,184
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of process B, and so a shift away from this process cannot be predicted
with any certainty.”® However, in the most conservative case, this
would be a notable impact on methyl chloride producers.

25.2.5 gonclusion
Methyl chloride falls into the range of chemical compounds which

will incur significant cost increases. @Given these cost increases,
closure of the highest cost plant is possible. Morsover, if one or more
of the smaller sized facilities are marginal, closure could result. The
range of price increases under the option one scenarjo is $.0004 per
kilogram to §.0221 per kilogram. This is a considerable difference, and
the production—weightnd average price increase masks this difference.

An additional impact that can be predicted from this analysais is the
posaibility of a shift away from process B praduction.

25.2.6 Referenceg

1, Mansville Chemical Products Corp., "Chemical Products Synopsis
~- Methyl Chloride,"™ November 19%90.

2. Refersnce 1.

3. Reference 1.

4. "Chemical Marketing Reporter —-- Chemical Prices.™ Chemical
Marketing Reporter, March 2, 1982, p.31.

5. "Chemical Marketing Reporter Profile -- Methyl Chloride."
Chemical Marketing Reporter, March &, 1992, p. 42.
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CHAPTER 26
COMPOUNDS IN THE HIGH-COST RANGE

26.1 INTRODUCTION

Table 26~1 compares the distribution of the 490 chemical
compounds with those 20 selected for detailed analysis, in terme of both
annual production and contreol costs. As shown, the majority of
compounds in both the population and the selection axhibit parcentage
cogt-increases of less than one percent; 71.6 percent for the population
and 66.7 percent for the selection. Chapters five through 25 of the
economic impadt analysis provide adequate coverage of this clases of low-
cost compounds. Hoﬁavarr,only four of the 21 compounds selected
experiences control costs in excess of two percent per kilogram at the
fiftieth percentile of industry output. Since 15.1 percent, or 74 of
the compounds in the population do have control costs greater than twoe
percent, and since these are the compounds that are likely to experience
the most severe impacte, an accurate characterization of the impact of
HON contrels on the S0CMI must include an analysis of compounds in the
high=-coet increase range.

26.1.1 Selecticn of High-Cost Compounds
A literature search was performed on the initial list of 74

compounds with costs in excess of two percent, and it was found that
inadequate data existed to compile detailed prnfiies on these compounds.
Neverthelese, a certain amount of information was still needed to
perform even a rudimentary analysis. At a minimum, information on
prices, end-uses, annual production, and determinants of demand
elasticity are necessary. In additjon, emphasis was placed on choosing
compounds with the highest control costs, since this would allow for the
most extreme impacts. Given these needs, five compounds were selected
for high-cost analysis. Table 26-2 lists these compounds, along with
their CAS registry number. .

The approach for assessing the impact of the HON on high-cost
compounds is similar to the analysis of the population as a whole in
that a group of compounds ie selected and profiled, and the econonic
impacts on this group are extended to the population of compounds.

26.1.2 Characterjstics of High-Cogt Compounds

Based on analysis of the selected compounds, there are several
features common to this group. High~coat compounds are characterized by
low-volume production, residing considerably downstream from the basic
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TABLE 26-1. DISTRIBUTION OF HON COMPOUNDS BY PERCENTAGE COST INCREASE
AND ANNUAL PRODUCTION (10° kg): OPTION ONE COSTS

' All Regulated Compounds

Distribution
% Of nnua

% Change In Cost' Number Total <l 1-5 5-10 >10
Less than 1.00 351 71.6% 43 26 35 284
1.00 - 2,00 65 13.3% 0 2 18 28
2.00=-3.00 17 3.5% 0 3 4 4
3.00~4.00 8 1.6% 0 2 0 2
5.00-7.00 10 2.0% 1 3 2 4
- 7.00-10.00 ‘2 0.4% 0 i 1 0
Greater than 10.00 31 6.3% 20 1 1 1
Total 490 99.9% 64 a8 §3 325

% Of Total 100% 13.1% 6.7% 12.9% §&67.3%

[ -]
Distribution
% Of d

% Change In Cost' Number Total <1 1-5 5=-10 >»>10
Less than 1.00 14 66.7% 0 0 1 13
1.00 - 2,00 3 14.3% 0 0 0 3
2.00-3.00 1 4.8% 4] 0 0 1
3.00-4.00 3 14.3% -0 0 0 3
4.00-5.00 4] 0% 4] Q ) 0
5.00-7.00 1) 0% 0 0 0 a
7.00-10.00 0 0% 0 0 0 0
Greater than 10.00 : 0 0% 0 0 0 0
Total , 21 100.1* ] Q 1 20

0% 0% 5% 95%

% Of Total . 100%

‘Coet increase based on control costs at the S50th percentile of
industry output.
*boes not sum to 100 due to rounding.



Table 26-2. SELECTED COMPOUNDS IN THE HIGH-COST RANGE

R e
Chemical Name CAS Registry Number
Benzyl Benzoate : 120514
Phthalimide 85416
Diphényl Methane 101815
Gluteraldehyde - 111308
Diisooctyl Phthalate 27554263
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fesdstocks, relatively epecialized end-uses, and occupying a small share
of expenditures in the producer‘s budget.

Low=-volume production and high compliance costs can be
explained in part by the presence of economies of scale in compliance
costs iﬁ the SOCMI. A8 control costs are spread out over smaller and
emaller levels of output, cost per unit increases. Uling data from the
RADIAN database, it was found that while only 9.6 percent of the
compounds with annual production greater than 20 million kilograms
experience cost increases greater than one percent, 28.7 percent of the
compounds with annual production less than 20 million kilograms have
costs increases greater than one percent. While the majority of HON
controlled be subjeéf to low compliance costs, low-volume compounds are
more likely to be high-cost. '

Another important feature of high-cost chemicale is that they
tend to be produced fairly far dewnstream from the basic feedstock
chemicals. Since contreol costs are accumulated at each link in a
chemical tree, as compounds are further downstream from the basic
feedstocks they tend to be higher cost, other things being equal. It is
important to note that costs calculated in this way could well be
overstated. By accumulating the total cost at each link in the chemical
tree, the assumption is that manufacturers corresponding to each link
are able to fully pass through control costa. The more likely
scenario is that some control costs will be absorbed by each producer as
they bargain with end-users, so that a lower amount is passed on to the
next link.

In addition, high-cost compounds tend to have specialized end-
uses. All of the compounds chosen for analysis are in the group of
multipurpose additives. Multipurpose additives perform a particular
function for a variety of end-use industries. As such, performance
attributes of these chemicals are tailored specifically tc the needs of
end-use industries. Thus, these raw materials are to some extent
necessities which are difficult to substitute for in the short run.

Finally, as multipurpose additivea, high-cost compounds occupy
a small share of exﬁenditures in the producer’s budget. Therefore,
producers will be less likely to substitute for these compounds in the
short run.

26.1.3 Profiles of High-Cost Compounds
Profiles of the five high-cost compounds include information on
pricing, manufacturing, and end-uses.
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26.1.3.1 Benxv) Benzoate

Benzyl benzoate, an ester of benzoic acid, is a colorless, oily
liquid with a faint pleasant aromatic odor and a sharp burning taste.
It occurs naturally in Peru and Tolu balsams, and is prepared
commercially via esterification of benzyl alcohol.!

Benzyl benzoate is a multi-purpose additive with a variety of
end~-uses. The pleasant odor of benzyl benroate, like other benzoic
estere, has long been utilized in the perfume industry, where it is
employed as a solvent for synthetic musks and as a fixative. It is also
used in confectionery and chewing gum flavors. 1In addition, benzyl
benzoate is used as an insect repellent and in formulations for
repelling mosquitoes, chiggers, ticks, and fleas, as well as in the
control of livestock insects. It was used in the Vietnam War to
eradicate and repel certain ticks and mites. Finally, benzyl benzoate
finds usage in medicine, cosmetics, and as a plasticizer.?

Annual produdtion of benzyl benzoate in 1990 was 245 thousand

kilograms.® Average realized price for the same year was $2.82 per
kilogram.*

26.1.3.2 Phthalimide :
Phthalimide is prepared in two grades: powder and flake. It is

manufactured commercially by reacting phthalic acid with ammonia, or by
reacting phthalic anhydride with ammonia.® Phthalimide is a chemical
intermedjate used in the production of potassium phthalimide and other
compounds. In addition, it is used as a filler in industrial waxes.®

Data from conventional published sources is not available on
annual production of phthalimide. However, according to the Radian
database, annual production of phthalimide is 7.5 million kilograms.
The price used for this analysis is $2.16 per kilogram,’

26.1.3.3 Diphepvl Methane
Diphenyl methane is a pharmaceutical intermediate, used for

organic synthesis and as an additive in flavor and fragrance compounds.®
It is manufactured from benzene and benzyl chloride.’ Large discounts
are given for guantity purchases.®

Data from conventional published sources is not available on
annual production of diphenyl methane. However, according to the Radian
database, annual preduction of diphenyl methane is 765 kilograms.
Prices vary widely depending on the amount purchased, and the price used
for this analysis $16.64 is per kilogram. This is the price offered for
the largest gquantity purchase, and is used so that the impacts are not
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understated. If only small volumes are desired, the price can be as
high as $47.70 per kilogram.!

26.1.3.4 Gluteraldehvde

Gluteraldehyde is commercially available in three grades: )
technical, biological, and electron microscopy.” It ie sold in liquid
form, and is manufactured using acrolein.” Gluteraldehyde is used as.
an anti-corrosive for cooling towers, an anti-microbial, and as a fixing
tiesue for crosslinking proteins.' _

Data from conventional published sources is not available on
annual production of QIuterildlhyde. However, according to the Radian
database, annual production of gluteraldehyde is 1,190 kilograms.
Prices vary depending on the purity. The brice used for this analysis
is $3.53 per kilogram. This is the price offered for the lowest
technical, grade, a 25 percenf reagent, and is used so that the impacts
are not understated. The price for the 50 percent reagent technical
grade is $5.60 per kilogram.'

26.1.3.5 Diisooctyl Phthalate
' Diiscoctyl phthalate is sold in liquid grade, and is

manufactured via asterification of phthalic anhydride.® It is a
commercially important polyvinyl chleride plasticizer with a long
history for a variety of general purpose end-uses.!” It is useful for
ite good compatibility with vinyl and its low rate of solvation.®

Data from conventional published sources is not available on
annual production of diieoctyl phthalate. However, according to the
Radian database, annual production of diiscoctyl phthalate ie 7 million
kilograms. Small discounts are given for larger quantities. The price
used for this analysis is §1.15 per kilogram. This is the price offered
for the largest guantity purchase, and is used so that the impacts are
not understated. Prices can be as high as §$1.87 per kilogram."

26.1.4 Market Trends of Hiqh Cost Compounds

' Growth rates in demand for high~cost compounds are not
avallable from conventional data sources. Since these chemicals tend to
be multi-purpose additives with specialized end-uses, their growth in
demand is likely to be derived from their end-uses. BEven so, quantified
growth rates are difficult to come by. So as not to understate the
impacts, a growth rate of one percent will be assumed for this analysis,
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26.2 ECONOMIC IMPACTS

26.2.1 HON Compljance Costg

Compliance costs based on option ovne are shown in Table 26-3
for the five selected high-cost compounds. Since very little
information could be obtained concerning facility-level activities,
compliance costs are not presented for each facility. Instead,
production-weighted average coste are shown, as well as separate procese
coste if they are needed.

26.2.2 Prices

Prices used for assessing economic impacts are presented in
Table 26-4. The pricing of high-cost chemicals is characterized by
considerable discretion, as prices vary widely for different quantities
of purchases. While in many caseg, the cost increases resulting from
~ compliance are extremely large, it would appear that these producers
have some ability to pass on costs to end-users,

26.2.3 Price cities nd_ for ost C

Price elasticities of demand for high~cost compounds are
considered highly inelastic, in some cases approaching the range of
perfectly inelastic. This conclusion stems from three important
characteristics of high-cost compounds. The first is that, like other
chemical compounds, the high-cost compounds are factors of production,
and are difficult to substitute for as producers, in the short run, tend
to be "locked into" technological processes. Saecondly, these compounds
have relatively specialized end-uses, and so can be considered a
necessity in the producer’s technology. Thirdly, they account for a
small share of expenditures in the producer‘’s budget, also lending to
there tendency for inelasticity.

The principle imwplication of perfectly inelastic demand is that
firms can raise prices to cover HON control coste in full, without
sacrificing output. An additional implication is that prices will
increase at the expense of consumer’s surplus, so that the cost of
compliance will be borne by the consumer and not the manufacturer.

In the economic impact analysis below, two values are used for
the price elasticity of demand; -0.01 and -0.34. Using the elasticity
level of -.34 leads to a projection of impacts that is very extreme. 1In
most cases, firms cannot sustain these impacts.. This is considered an
absolute upper bound. It is argued that attention should be focused on
the impacts stemming from a price elasticity of demand equal to -0.01,
or almost perfectly inelastic, for the reasons stated above.
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Table 26-3.

CUMULATIVE ANNUALIEZED PRODUCTION-WEIGHTED
AVERAGE COSTS AND PROCESS COSTS OF HON
CONTROLS FOR HIGH-COST COMPOUNDS

Chemical Name/
Process

Control Costs.
Option One c:ntrols ($/xg)

Benzil Benzoate

Phthalimide
i Process A
Process B
Procesas C

Diphenyl Methane
Gluteraldehyde

Diisooctyl Phthalate

$2.55

$11.89
$0.14
$35.17
$0.10

$312.65
583.97
so.ll
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Table 26-4. PRICES OF HIGH-COST CHEMICALS
T e ——

Chemical Name Price
Benzil Benzoate $2.82,
Phthalimide - §2.16°
Diphenyl Methane $16.64°
Gluteraldehyde $3.53
Diiscoctyl Phthalate $1.15°
'‘United States International Trade Commission. Synthetic Organic
8 -— Unit ms Produc - Washingten, DC,
December, 1991, p. -?-2. )
PRADIAN database, from gm_ummmg *Chemical Pricea."

eManufa:‘:tl.umr # retail price.
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26.2.4 Impacts gon Price and Qutput
Table 26-5 presents price and output adjustments for the six

high—-cost compounds. Data are presented for two demand elasticities:
-.01 and -.34. The sections following analyze the impacts for each of
the compounds. :

It should be noted that the impacts shown are likely to be
overstated for several reasons. First, as noted above, the control cost
satimates are probably too large (see Section 26.1.2). Second, these
impacts are based on a full-cost passthrough scenario. The assumption
is made that the size of the price increase is sufficient to fully
recover control costs. Given the ocligopolistic nature of the SOCMI (see
Chapter 1, Section 1.3.2), the actual price increase that manufacturer’s
can achieve is likely tc be lower than this. Thus, the 1mpactl.could be
overstated. Third, impacts are based con the lowest available price
estimate. As noted, however, prices for high-cost chemicals vary
widely. Thus, the lower price estimates serve to understate the revenue
bagis, which in turn overstates the impacts. PFourth, even in cases
where the impacte appear to be severe, closure cannot be predicted with
any certainty, given the dynamic nature of the S0CMI (see Chapter 1,
Section 1.3.3). '

26.2.3.1 Benzyl Benzoate

Option one control costs represent the actua) control cost that
an industry is likely to incur under the BON. The production-weighted
average percentage price increase for benzyl benzoate is 90.42 percent,
which leads to a price increase of $2.55 per kilogram. PFor the two
elasticity levels of -.01 and -.34, the reduction in output is 1,932
kilograms (.64%) and 59,197 kilograms (19.7%), respectively.

According to the Radian database, seven facilities, all with an
annual production of 43,000 kilograms, produce benzyl benzoate.
Focusing on the elasticity of -0.01, a facility of thie size would lose
just over four percent of it‘s annual output, which appears tenable. 1In
the most extreme scenario, with an elasticity equal to -0.34, and if one
plant were to absorb the entire decline in output, it would close.
However, since each plant is of the same size, the more likely scenario
is that the output adjustment would be shared by all the facilities in
the industry, and the impacts would be minimized. Thus, the impacts are
considersd negligible for the producer, and closure is unlikely.
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Table 26-5. SUMMARY OF PRICE AND OUTPUT ADJUSTMENTS FOR
HIGH-COST COMPOUNDS

Chemical Name % aP -%-a Q¢ 5 a Pc :;g
Benzil Benzoate 90.42 {0.64) 90.42 (19.7)
Phthalimide 530.9 {1.8) 530.9 (46.5)
Diphenyl Methane 1878.93 {2.58) 1878.93 (63.8)
Gluteraldehyde , 2378.67 {2.75) 2378.67 (66.4)
Diisooctyl Phthalate 9.46 {.090) 9.46 (3.03)

‘Percentaée changes in gquantity are calculated using a constant-

- elasticity demand function.
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based on the lowest avajlable price sstimate. To this it is added that
these pfoducer‘u seem to have quite a degree of pricing discrestion,
which would allow them to alleviate the impact of compliance. Pourth,
ap with the SOCMI as a whole, it is assumed here that many products are
produced at sites along with the high-cost compounds, and that the
dynamic nature of the SOCMI makes it difficult to predict closure with
any certainty. '

26.2.5 References

1. Eirk-other Encvclopedia of Chemical Technology, Third Edition,

Volume 3, pp- 7?8-792, from Kirk-Other Online Dialog File.
2. Reference 1.
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